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14  abstract  Stcrac  rozoertar  RMA  actvalcc  iSRAl  avis  sha*r  todfTcc  from  al  prenucst,  characterised  coacavators  as  it 
avis  defrenstratod  to  fumtion  as  a  RNA  ratter  than  a  protoin  motoaifc  Wo  t\a%xs  ra* over  daman  stralcd  that  this  core  thojgbl 
non -axing  RMA  encodes  a  Adi  ccnscr««l  nmtan  *SRAP>  The  aims  al  this  year  arc  marJy  on  toenlrtcaUan  at  SRAP- 
ntoractmg  Proteins  and  how  SRAP  niBracts  with  transcnpuonal  reguaters  &a  modulates  at  trcnscnptnn,  as  Adi  as  the 
respective  impacts  ct  SRA  RMA  and  SRA  protein  on  tte  ER  signaling  potters/.  We  have  cMvmtied  through  protein  arrays 
that  SRAP  is  rctoed  able  la  directly  interact  w/ti  v  arcus  transcrplcn  toders.  f-urtnorrrern.  wo  havo  ostaOlshod  that  SRAP  Is 
associated  to  chromatn  r.  MCF-7  cols.  We  also  e*air*ncd  th»  posslbto  ottecl  at  SRAP  rocrufsment  on  transenphon  ueir>g  the 
;xotert  GAL4-VPKJ  h><>nd  tttnscnptton  actuation  system  We  obtervod  that  SRA  possesses  a  transcrpuxvtf  renressM) 
amity  capoae  c4  itetbttng  the  GAL4-VP1B  transcrpoco  actioty.  Tr»s  SRAP  transcnptional  repressive  polonuai  s  sanative  to 
tncha slain  A  {a  HO. AC  inhCitcrl  treatment  And  SRAP  a  ado  to  co-imcr^napTccoiac©  HDAC  xtovly  Meanwnlc.  wo  nave 
also  mvcstqJtod  the  pcsstte  mechanism  ot  ntrcrv!  retenten  as  a  patep^or^  to  *>o  generaten  at  codrto  and  non  cutting 
SRARttAi 


Col  btotogy.  rryafccOar  Odogy.  Esfrogen  rocoptor.  Steroid  receptee  RNA  actuator 
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Appendices 


Introduction 


Steroid  receptor  RNA  activator  (SRA)  was  discovered  m  1999  and  was  drawn  to  differ 
from  all  previously  characterized  co  activators  as  it  was  demonstrated  to  function  at  a 
RNA  rather  than  a  protein  molecule.  We  have  however  demonstrated  that  this  once 
thought  non-coding  RNA  encodes  a  well  conserved  protein  (SRAP). 

To  investigate  the  possible  implications  of  SRAP  expression  on  breast  cancer 
progression,  we  examined  by  Western  blot  analysis  t:R  positive  primary'  breast  tunxirs 
from  patients  subsequently  treated  with  Tamoxifen.  Our  remits  showed  that  patients 
whose  primary  tumors  were  positive  for  SRAP  cxprexsxm  had  a  significant  lower 
likelihood  to  die  from  recurrent  disease  than  SRAP  negative  patients.  These  results 
prompt  us  to  investigate  the  possible  effects  of  SRAP  on  the  estrogen  receptor  signaling 
pathway. 

In  the  first  year.  Shilpa  ('hooniedass  had  shown  Progesterone  Receptor  is  differentially 
expressed  in  the  cells  ov  er  expressing  SRAP.  Sb:  had  successfully  generated  the 
plasmids  expressing  functional  SRA  RNA  and  protein  independently.  Through  mass 
spectrometnc  analysis  of  proteins  co  immunoprecipitated  with  SRAP.  she  had  identified 
69  possible  SRAP  interacting  proteins.  Functional  gene  annotation  classiftcaticei  revealed 
that  several  of  these  SRAP  interacting  proteins  are  involved  in  the  modulation  of 
transcription 

This  year's  aim*  were  to  miinly  to  identify  SRAP* interacting  proteins  and  how  SRAP 
interacts  with  transcriptional  regulators  and  modulates  of  transcription,  as  well  as  the 
respective  impacts  of  SRA  RNA  and  SRA  protein  on  th:  l:R  signaling  pathway. 

Therefore,  in  this  year,  she  has  determined  trough  protein  arrays  tbit  SRAP  is  indeed  able 
to  directly  interact  with  various  transcription  factors  Furthermore,  she  has  established 
that  SRAP  is  associated  to  chromatin  in  MC'F-7  cells.  In  light  of  these  observations,  we 
examired  the  possible  effect  of  SRAP  recruitment  on  transcription  using  th:  potent 
C1AL4-VP16  hvbrid  transcript  Kin  artivatxm  system.  She  observed  that  SRA  possesses  a 
transcriptional  repressive  activity  capable  of  inhibiting  tbc  GAL4-VP16  transcription 
artivity.  This  SRAP  trartscriptxmal  repressive  potential  rs  sensitive  to  triehoslatin  A  (a 
I1DAC  inhibitor!  treatment  suggesting  an  involvement  of  IIDACx  in  SRAP  rrcchanism 
of  action.  In  support  of  this  hypothesis,  she  determirvd  that  SRAP  is  able  to  co- 
immunoprccxpitatc  IIDAC  activity. 

Meanwhile,  we  have  recently  reported  intnwi-1  retention  as  a  possible  mechanism 
participiting  to  the  gerwotion  of  coding  and  non  coding  SRA  RNAs.(sce  appendix  4)  In 
order  to  investigate  the  role  of  SRA  intron- 1  retention  we  used  spl»:cswitching- 
oligonucleotides  to  increase  the  level  of  endogenous  SRA  intron- 1  retention  m  the  T5 
breast  tumor  cell  line.  Following  experimental  optimization,  we  achieved  a  fifty-percent 
conversion  in  the  proportion  of  non-coding  (intron- 1  rctairxdl  to  coding  (intron* I 
spliced)  SRA  transcripts.  Using  rcal-tim:  PCR  array  technologies  we  found  that  specific 
changes  in  the  expression  of  genes  implicated  in  breast  earner  progression  arxl  estrogenic 


signaling  arc  associated  with  increasing  intrtxvl  retention.  Of  parlKubr  interest  is  the 
observed  increase  in  Upa  (involved  in  invasion)  and  MR  beta  (involved  in  estrogen 
signaling  l  gene  expressions,  (see  appendix  4) 


Body 

Task  1:  To  characterize  the  cellular  and  biological  effects  of  SRA  and  SRAP  in 
MCT-?  cells 

a)  To  analyse  the  expression  of  ER  target  genes  PR  and  pS2  in  MCF-7  cells 
stahlv  over-expressing  SRAP. 

In  the  last  year’s  report  we  had  already  concluded  that  the  estradiol  mediated 
regulation  of  the  two  ER  target  genes  studied  (PR  are!  pS2)  was  dissimilar  in  the  SRAP- 
V’5  over* expressing  and  control  cells.  In  fact,  while  th:  estradiol  mediated  induction  of 
the  PR  was  evidently  distinct  between  the  SRAP  over -expressing  and  control  cell  lines, 
no  ditTcrenre  in  pS2  induction  was  observed  between  the  cells.  These  results  had  been 
published.  (See  appendix  1  for  detailed  experimental  procedures  as  well  as  detailed 
observations  and  interpretations) 

b)  To  determine  the  effect  of  SRA  expression  on  the  growth  rate  invasive 
properties  of  the  MCF-7  cells  over-expressing  SRAP. 

In  the  last  >ear’s  report,  we  demonstrated  that  a  stably  transfected  cell  model  is 
not  the  appropriate  tool  to  invcsti&itc  th:  effect  of  SRAP  cxprcssicei  on  proliferation 
because  growth  rates  of  the  two  cceitrol  cell  lines  (not  expressing  transfected  SRAPl  arc 
significantly  different  from  on:  another  and  we  thus  proposed  to  conduct  proliferation 
assays  in  indurible  SRAP  MCF*ccll  lines.  But  we  also  want  to  conduct  proliferation 
assays  and  invasion  assay  on  cells  in  task2.  (see  task2) 

Task  2.  To  characterize  the  respective  actions  of  SRA  RNA  and  protein  on  ER 
activity 

a)  To  develop  plasmids  that  express  functional  SRA  RNA  and  protein 
independently. 

In  the  first  funding  sear  we  have  successfully  generated  the  four  constructs  that 
will  allow  us  to  characterize  the  respective  actions  of  SRA  RNA  and  protein.  These  four 
constructs  are: 

1.  SRA  RNA  that  contain  the  full  SRA  sequence  but  with  th:  first  two  ATG 
codons  mutated.  The  corresponding  RNA  can  not  he  translated  (as  it  dies  not 
contain  the  coctccI  initiating  methionine  cod  cm  s)  but  will  be  functional  at  the 
RNA  level  (presence  of  an  intact  core  region). 


2.  SRAPROT  contains  the  full  SRA  cDNA  but  with  th:  two  series  of  silent 
mutations  SDMI  and  SDM7  previously  shown  to  abolish  tbc  SRA  RNA  co¬ 
activator  function.  The  corresponding  RNA  can  not  be  functional  but  can 
encode  the  wild  type  SRA  protein. 

3.  SRARNAPROT  contains  tbc  full  wild  type  SRA  sequence  The 
corresponding  RNA  is  translatable  and  fully  functional. 

4  SR AN EG  contains  tbc  full  SRA  sequence  but  with  tbc  first  two  ATG  codons 
mutated  and  with  the  two  series  of  silent  mutation  SDMI  and  SDM7.  The 
corresponding  RNA  should  he  non- functional  and  non -translatable. 

All  four  vectors  have  been  sequenced  to  confirm  the  incojporation  of  th: 

appropriate  mutations 

b)  To  determine  the  respective  functions  of  SRA  RNA  and  protein  on 
reporter  systems. 

In  the  passed  year,  these  four  plasmid  constructs  had  already  been  co- transfected  in  I  Ida 
cells  together  with  an  FRa  expression  vector  (obtained  from  I>r.  Murphyk  an  ERF- 
luciferasc  reporter  gene  (from  invitrogcnl  and  a  Rcnilla  luciferasc  control  vcctor.f  to 
normalize  th:  transfection  cfTiciency).  However  we  didn't  see  neither  significant 
increase  of  ligand-&pcndcnt  FR  activity  in  the  presence  of  SRARNA.  nor  significant 
decrease  in  the  presence  of  SRAPRO.  These  either  due  to  low  transfection  efficiency  or 
ERE- luciferasc  reporter  constructs  does  not  sensitive  to  he  regulated  by  ERa  and  co- 
regulate?*.  To  solve  these  pxobVrms.  we  got  now  the  four  different  ERExi  ERFc38. 
EREcl3.  fos-121 1  and  PR  1 148  ERExl-Iocifcrasc  reporter  constructs  previously  shown  to 
he  ditTcrcntially  regulated  by  ERa  and  co  regulators.) kindly  prov  ided  by  Dr.  Klmgc). 
Furthermore,  we  arc  trying  to  introduce  lentivirus  transfection  system  to  boost  up  tbc 
transcription  efficiency  are!  better  normalize  the  transfection  conditions.  DitTcrcnt  SRAs 
and  ERa  constructs  will  be  integrated  following  IX* R- amplification  into  pLcnli6iV5-D- 
TOPO  vector  using  the  viraPower  lcntiviral  Direclionil  TOPO  Expresxon 
Kitlinvitrogcn).  ERE-Iucifcrase  construes  will  similarly  h:  introduced  into  a  promoter- 
levs  system  using  the  ViraPower  Ptumotericss  Lcntiviral  Gateway  kit.  Th:  resulting 
pLanti -constructs  will  be  transfected  into  293 IT  cells  and  titer  of  corresponding 
lentivirus  stocks  harvested  from  nxdium  supernatant  will  be  determined.  Alter  setting-up 
optimal  conditions  foe  ER  construct  expression  and  optimal  MOIs  for  E2  and  tamoxifen 
treatment,  we  will  assess  the  effect  of  different  SRA  constructs  on  ERa  activity.  For  I  Ida 
cells,  reporter  and  FRn  constructs  will  be  co-transduced  with  SRAs.  Luciferasc  activity 
will  be  nocmaizcd  to  the  amount  of  expressed  SRA  RNA  transcript  as  assessed  by  real¬ 
time  PCR.  Four  experiments  will  be  performed  and  the  different  points  of  luciferasc 
activity  will  be  compared  using  the  student's  t  test. 

In  addition,  we  arc  also  going  to  try  respective  functions  of  SRA  RNA  and  protein  on 
ERp  activity  by  reporter  gene  assay  because  we  found  SRAP  might  lias  higher  affinity  to 
interact  with  FR0.(scc  appendix  3  Table  VII > 


c)  To  determine  the  respective  functions  of  SRA  RNA  and  protein  on  ER  target 
genes  expression. 


Wc  tncil  to  establish  the  respective  effects  of  SRA  anil  SRAP  on  the  regulation  of  known 
endogenous  target  penes  involved  in  breast  career  and  F.R  signalling  pathway.  Wc 
transfected  the  four  plasmid  constructs  into  the  T5  breast  cancer  cell  line  with 
lipokctamine  Itypxal  transfection  reagent  from  invitrogen).  However  we  confronted  the 
same  problem  of  low  transfection  efficiency.  (see  opperehx  6  Figure  It.  Therefore,  wc 
plan  to  use  Icntxviral  system  to  perform  transient  transduction  by  the  ditlerent  lour  SRA 
constructs  mentnmed  above.  After  transfection,  tvso  nurrogroms  of  total  RNA  will  be 
reverie  transcribed  and  analyzed  h  rcahtnrc  quantitative  PCR  using  RT  Pro  filer  PCR 
Array*  (super Array  bioscicrees  corporation  fredinck),  which  contains  K4  optimized 
primer  sets  of  dilTerent  genes  involved  in  breast  cancer  are!  LR  signalling  pathway*.  This 
tcchnnkig.y  provides  the  fastest  way  to  scan  the  {{Retarget  gene  c.vprvwion  change  after 
transfection  of  respective  SRARNA  and  SRA  protein 


I a%k3.  To  identify  proteins  interacting  with  SRAP  and  functions  of  SRAP 
interacted  complex 

a)  To  perform  co  imiuuDoprecipitation  assay*  for  identify ing  protein 
interacting  with  SRA  proteins. 

Wc  immunojrccipitatcd  SRAP*V5  tram  a  previously  described  cell  system  consisting  of 
MCT-7  cells  over  expressing  V5  tagged  SRA  protein  iMCF  7  SRAP-V5  lligh.A)  Whole 
cell  extracts  supplemented  with  VS  peptides,  to  compete  out  the  immunoprecipitation  of 
SRAP-V5,  were  used  as  negative  control  to  identify  proteins  non- specifically 
precipitated  Tandem  mass  spcctromctric  analysis  of  immunoprccipitatcd  samples 
identified  a  total  of  1 10  umqur  proteins  Wc  disregarded  23  of  these  proteins  as  nun* 
specifically  precipitated  since  they  were  present  m  both  lb:  iinmunoprccipitntcd  sample 
and  negative  control.  It  is  important  to  note  that.  SRAP  was  present  among  th:  retraining 
specifically  precipitated  87  proteins.  Using  die  functional  gaic  classification  software 
thtJf'  > !j\ uf  tih: :  m  :U  iv  -w.  t.  we  organized  tlu:  proteins  specifically  associated  with 
SRAP  into  distinct  gene  ontology  functional  categories,  such  as  protein  bxisynthesis. 
protein  degradahta.  proteins  involved  in  transport  and  chaperones  proteins.  Wc  assemble 
an  additional  group  of  proteins  that  nuubt  possibly  hr  precipitated  nan -specifically  with 
SRAP.  There  were  32  remaining  proteins  that  could  not  be  classified  in  any  of  th: 
caicgnrics  trenbooed  alxive  In  order  to  build  a  hypothetical  SRAP  snteractome.  we 
submitted  the  32  proteins  In  ingenuity  pathways  analysis  software.  Interestingly.  17  out 
of  thr  31  proteins  (excluding  SRAP)  are  nuclear  proteins.  Furthermore  1 1  out  of  the  IS 
nuclear  proteins  arc  involved  m  transcription  and  transcription  regulation,  (see  appendix 
3 1.  TH:  must  striking  finding  of  our  study  w  as  thr  fact  that  thr  majority  of  tlu:  rcmiimng 
proteins  were  nuclear  arel  several  of  these  have  been  shuw7i  to  be  involved  in 
transcriptional  regulation  Among  these  were  MDD3  (Methyl-CPG  binding  ikimain 
protein  3.  a  member  of  the  nnclcctsomc  remodeling  and  histone  dcacetylasc  complex 
(Nurd).  BAF57  (a  core  subunit  of  the  SW1  SNT  chromatin  remixklmg  complex)  and  YB- 
I  (Y«box  binding  protein.  a  transcription  factor  with  multiple  timetions  including  co- 
repression  and  rn-octivatiixi  of  other  tromcnption  f^rtorsi.  The  high  number  of  factors 


involved  in  transcriptional  regulation  among  SRAP  interacting  proteins  strongly 
suggested  thit  SRAP  might  also  he  involved  in  the  modulation  of  transcription. 

I»  To  validate  the  SRAP-protcin  interaction  results  obtained  in  task  3a. 

By  GST  pull  down  assay,  we  have  demonstrate  recombinant  GST  SRAP  interact  with  the 
hpln.  mTIFlp,  ERo,  and  ERp  in  vitro<  see  appendix  6  Figure  2.3)  All  these  arc  Transcription 
regulate** 

By  Panomics  Arras  Co-ip  partner*  arc  nuclear  and  cytoplasmic.  Nuclear  partner*  arc 
involved  in  transcription  regulation.  So  we  looked  ax  the  possible  interaction  of  SRAP  with 
transcriptional  factors  (Panomicl  data.  Recombinant  SRAP  rs  shown  to  interact  with  40 
different  transcription  factor*,  including  ERp  and  yTl(appcndix  .1  Table  VII).  Interestingly,  we 
base  also  found  that  SRAP  interacts  with  transcription  farter*  with  different  binding  affinities 
as  assessed  by  the  strength  of  the  immuno*  detected  signals. 

c)  To  validate  the  SRAP-interactin^  protein  complex  is  associated  with  chromatin 

These  data  above  al.b)  raised  the  possibolity  that  SRAP  is  embedded  in  complexes 
regulating  transcription  events.  Therefore  we  investigated  whether  SRAP  could  be 
associated  to  chromatin.  SRAP  VS  High. A  cells  were  treated  with  formaldehyde  and 
proteins  cross  linked  to  chromatin  were  analv/cd  by  Western  blot  using  anti -SRAP,  anti* 

Sp3.  Both  SRAP- VS  tagged  and  cndogerxius  SRAP  were  found  to  be  associated  to 
chromatin.  This  association  was  not  observed  in  the  absence  of  crevts* linking.  As 
anticipated,  both  k»ng  ISP3L)  and  short  (SP3M)  SP3  isofornw  i-  IX  kl>i  and  -60  kda 
respectively)  known  to  be  associated  with  chromatin,  were  also  detected  in  the  DNA 
bound  protein  fraction.  The  negative  control  used  in  this  experiment  is  Gapdh  (see 
appendix  3  Figure  5). 

d)  To  validutc  w  hat  are  functions  of  the  S RAP-interactcd  complex 

The  observation  that  SRAP  interacts  with  transcriptional  regulator*  and  transcription 
tactor*  as  well  as  associates  with  chromatin  led  us  to  hypothesize  that  it  might  itself 
participate  in  regulating  transcription  events.  In  order  to  establish  the  effect  of  SRAP 
rcemitcnxnt  on  transcription  site*,  we  investigated  the  consequence  of  SRAP  fusaon  to 
the  transcriptional  activator  GAL4-VP16.  We  showed  that  SRAP  fusion  to  VP- 16 
decreased  the  activity  of  this  strong  transcripticmal  activator.  In  order  to  exclude  any 
in  Hue  nee  of  SR  A  RNA.  we  generated  an  additional  GAL4-VP16-  SRA  construct  that 
contained  a  set  of  silent  mutations  (SDMI  >7)  demonstrated  to  nullify  SRA  RNA  function 
without  altering  the  SRAP  coding  sequence.  Similarly  to  th:  wild  type  SRA.  the  SRA 
SDMI i*7  also  decreased  VP- 16  transcripticvial  activity  suggesting  that  the  transcriptional 
repressive  activity  of  SRA  was  solely  attributed  to  SRAP.  Furthermore  we  determined 
that  the  transcnptional  repressive  activity  of  SRAP  was  sensitive  to  trichostatin  A(I1DAC 
inhibitor!  trcatnxnt  These  results  thus  suggest  thit  SRAP  possesses  a  transcriptional 
repressive  activity  possibly  involving  IIDACs. 


To  determine  if  SRAP  belongs  to  a  complex  containing  I  ID  AC  activity,  we 
immunoprccipttated  SRAP-V5  from  SRAP  VS  High. A  cells  nuclear  extracts.  The  SRAP- 
V5  lmmuroprecxpitatcd  sample  contained  significantly  more  KIDAC  activity  than  the 
control  MCF-7  cells  immunoprccipttated  sample  l see  appendix  3  figure  7). 

We  ha\ e  recently'  repotted  intron*  I  retention  as  a  passible  mechanism  partietpatir ig  to 
the  generation  of  coding  ajid  non  coding  SRA  RNAs.  In  order  to  investigate  the  role  of 
SRA  mt/unl  retention  hv  decided  to  do  the  task!  using  splice-switching* 
oligonucleotides  targeted  in  junctioti  of  exond  and  intron- /(SRA* AS)  to  increase  the 
level  of  endogenous  SRA  intron- 1  retention  in  the  75  breast  tumor  cell  tine,  (details  see 
ap/tendix  4) 

Tnk4.  To  Tip  the  balance  toward  the  production  of  more  SRA  intron- 1  retention  in 
breast  cancer  cell  lines. 

a)  To  investigate  change  of  endogenous  SRA  transcripts  retaining  intron- 1  and 
fully  spliced  intron- 1  fragment  following  treatment  of  TS  cells  with  SRA-AS. 

In  T5  cells,  we  assessed  the  expression  of  intron- 1  retaining  RNA  and  fully  spliced  RN  A 
of  SRA  by  rcal-tinx  PCR  with  a  lower  prin>^  annealing  in  exon-3  and  upper  primers 
annealing  with  intron  1  or  exon- 1  after  treatment  of  no  oligonucleotide  l  Mock).  SRA- AS 
or  pgl-AS  oligos  (mgative  central).  Four  experiments  were  performed  and  the  average 
modifications  calculated).  A  significant  (p*-*0C5.  Student’s  t-test)  average  increase  of  90% 
in  th:  expression  of  SRA  intron- 1  retaining  was  observes!  in  cells  treated  with  SRA -AS 
24h  as  compared  to  mock  transfection.  Inversely,  a  significant  decrease  of  70%  xn  fully 
spliced  SRA  RNA  expression  was  obsened  (appendix  4  figure  7). 

T5  cells  were  treated  with  increasing  amounts  (0.05.  0.1.  0.5  pM)  of  SRA- AS  or  Pgl-AS 
oligos.  Analysis  of  total  cellular  RNA  by  RT-TP-PCR  reveals  a  dose  dependent  increase 
in  Ih:  proportion  of  full  inton- 1  retaining  SRA  transcripts  in  T5  cells  treated  with  SRA 
AS  for  24h  but  not  control  Pgl-AS.  At  0.5uM  SRA  AS  (corresponding  to  100%  oligo 
uptake!,  on  approximate  3-fold  increase  in  the  relative  proportion  of  SRA-intron- 1 
retention  was  renitinely  achieved,  fscc  appendix  4  figure  7) 

To  establish  how  long  the  increase  in  intron- 1  retention  upon  treatment  with  SRA-AS 
lasted,  time  course  experiments  were  performed  as  described  in  Materials  and  Methods. 
T5  cells  were  treated  with  no  oligos  (Mock)  or  with  05pM  SRA-AS  or  Pgl-AS  oligos. 
and  the  relative  expression  of  alternatively  spiked  SRA  RNAs  assessed  by  TP-PCR  at  t 
24  h.  4S  h.  and  72h.  We  found  a  significant  increase  <2.5  foid.  p-  0.05.  Student's  t-test)  in 
relative  intron- 1  retention  was  observed  at  t:  24h  upon  SRA-AS  treatment.  A  nuximal 
3.5-fold  increase  in  th:  relative  level  of  intron- 1  retention  was  observed  at  t:  4S  hours 
over  that  observed  for  tin*:  matched  mock  transfected  cells  Tliis  effect  is  maintained, 
albeit  decreased  at  t:  72  bourstsee  appendix  4  figure  6). 


b)  To  investigate  how  balance  change  between  ending  non  coding  endogenous  SRA 
RNAs  alters  other  gene  expression  in  T5  breast  cancer  cell. 


Total  RNA  from  T 5  cells  transfected  with  O.SpM  SRA  AS  or  control  pgl*AS  oligas  wax 
annlv/cd  at  I:  24h  by  real-time  quantitative  PCR  using  a  Breast  Cancer  ami  Estrogen 
Receptor  Signaling  RT'  Ptofilcr™  PCR  Array.  Four  independent  experiments  w'crc 
performed  as  described  in  the  Materials  and  Methods  sccticei.  Tlie  expression  of  56  genes 
wax  evaluated  in  cells  treated  with  SRA- AS  and  Pgl-AS  oligo*  and  ditTcrcnccs  in 
cxpressxm  assessed  using  the  Student's  t-test.  The  expression  of  several  genes  was 
significantly  modified  A  strong  increase  in  the  expressions  of  the  urokinase  plasminogen 
arlivatcc  PLAU  (ACt  -  2.S7%  corresponding  to  a  729%  expression  compared  to  the 
control!,  gene  intimately  linked  to  invasxin  mechanisms  as  well  as  estrogen  receptor  beta 
(ACt  -  1.73.  corresponding  to  a  331%  cxpressxm  compared  to  the  control)  were 
observed.  I  see  appendix  4  Figure  10). 


Key  research  accomplishments: 

1.  NVe  have  determined  trough  protein  anav's  that  SRAP  is  indeed  able  to  dirorlly  interact 
with  various  transcription  factors  and  transcriptHm  regulators. 

2.  We  have  established  that  SRAP  is  associated  to  chromatin  in  MCF-7  cells 

3.  We  observed  that  SRA  possesses  a  transcnptional  repressive  activity  capable  of 
inhibiting  the  GAL4-VP16  transcription  activity.  Tliis  SRAP  transcnptional  repressive 
pi>tcntial  is  sensitive  to  trichostatin  A  treatment. 

4.  We  determined  that  SRAP  is  able  to  co-immunoprccipitotc  HD  AC  activity. 

5.  2'-0-mcthyl  modified  phctsphixothioitc  oligonhccmelcotides  that  target  the  (unction  of 
exon-1  and  intrcoi-l  serve  as  an  ctlicicnt  tool  to  increase  endogenous  SRA  inton>l 
retention  in  T5  cells.  And  increasing  SRA  intron-1  retention  uprcgulatcs  the  expression 
of  several  genes  including  PLAU  and  ERp  implicated  in  breast  cancer  progression  and 
estrogenic  signaling 

In  progress: 

I.  The  results  shown  in  task3  suggest  that  SRAP  selectively  associates  with  several 
transcriptional  factors  and  is  likely  to  have  differential  impact  on  the  pathways  involved. 
There free  we  are  assessing  SRAP  action  on  each  individual  transcription  factors  and 
conscqumtly  SRAP  role  in  the  implicated  pathways. 

2.  We  are  developing  a  Icntiviral  system  carrying  different  SRA  construrts.  ERE-rep  otter 
constructs  and  FRs  construct  separately  to  characterize  th:  respective  action  of 
SRA  SRAP  on  l:R  activity. 


Reportable  outcomes: 
a)  Publication*: 


Choomcdass-Kothan  S.  llamcdam  MK.  Troup  S.  I  lube  F.  Lcyguc  E  <2005 1:  The  steroid 
receptee  RNA  activator  protexn  is  expressed  in  breast  tumor  tissues.  Int.J.Canccr.  (see 
appendu  !) 

I  lube  F.  Guo  JM.  Cboociicdass  Kothari  S.  Cooper  C.  llamcdam  MK.  Lcyguc  E.  2006: 
Alternative  spiking  ot*  the  first  intn>n  of  the  steroid  receptor  RNA  activator  (SRA) 
participates  in  the  generation  of  coding  and  noncoding  RNA  isofotms  in  breast  cancer 
cell  lines.  DSA  and  Ceil  Bialo^  25:4 18*42  Msec  appendix  2) 

ChoonicdassKothan  S.  llamcdam  MK.  Lcyguc  E  (2007):  The  Steroid  receptor  RNA 
arlivatce  protein  (SRAP)  bclcmgs  to  a  new  family  of  transcriptional  repressors.  Submitted 
to  JMB  I  see  appendix  3) 

Cooper  C.  Guo  JM.  Yan  Y.  Chooniedaxs- Kothari  S.  Ixryguc  El 2007):  Incrcasmg  Steroid 
Receptor  RNA  Activator  |SRA)  iniron- 1  retention  in  human  breast  cancer  cells  using 
modified  oligonucleotides. To  be  Submitted  to  RNA  (see  app:ndax4) 

b)  poster  presentation 

Cooper  C.  Guo  JM,  Yan  Y,  Chooniedaxs* Kothari  S  .Lcygue  E 

Change  in  alternative  splicing  of  the  sterood  receptor  RNA  activator  (SRA)  intron- 1 

modifies  gene  cvpressxm  in  T5  breast  cancer 

AACR  annuxl  conference.  Los  angles  April  14-18.2007  (appendix?! 


Conclusion 

During  this  funding  year  of  my  projort.  we  have  determined  trough  protein  arrays  that 
SRAP  is  indeed  able  to  directly  intcrart  with  various  transcription  factors.  Furthcmtcee. 
we  have  established  tbit  SRAP  is  associated  to  chromatin  in  MCF-7  cells,  we  also 
examinrd  the  possible  clTcct  of  SRAP  recruitment  on  transcription  using  the  potent 
GAL4-VP16  hybrid  transcripticei  activation  system.  We  observed  that  SRA  possesses  a 
transcriptional  repressive  activity  capable  of  mhihotxng  the  GAL4-VP16  transcription 
activity.  Tliis  SRAP  transcriptional  repressive  potential  rs  sensitive  to  tnehevstatin  A  (a 
I1DAC  inhibitor)  treatment.  And  SRAP  is  able  to  co-immurxiprccipitatc  I1DAC  activity. 
Meanwhile,  we  have  also  investigate  Ihe  possible  mechanism  of  intron- 1  retention  as  a 
pnrticiputing  to  the  gcncratxm  of  coding  and  non  coding  SRA  RNAs.  We  found  2*-() 
methyl  modified  phospbnrothioatc  oligonbonuclcotidcs  that  targcl  the  (unction  of  exon*  1 
and  intron- 1  sene  as  an  ctVicient  tool  lo  increase  endogenous  SRA  inton- 1  retention  in 
T5  cells.  And  increasing  SRA  intron- 1  retention  up  rcgulates  th:  cxpees»on  of  several 
genes  including  PLAU  and  ER|1  implicated  in  breast  cancer  progression  and  estrogenic 
signaling 
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ABSTRACT 

Hu*  Ml  RaufCitf  RW  Attisolu*  I  iSRAIi  hat  witkulh  lilts  ifctoibcd  m  »  turn*  An  t  KN A  t|ntiflt»ll; 
actual  ini  ilcvtwd  renplm  UuiuttspUiinaJ  ut  turfs.  Wrluw.  bwwctci .  ulnilJiitL  In  liununi  Ucatl  limtnt.  iu«< 

I  < \liiiLil  SUM  Mm*  .ooldnin*  tun  inttijlW  41G  i«Sm*  unit  cn.mtinj  a  pmtAi  we  nitlcd  SRAP.  We 

reitwtly  iipuiled  u  duieatrd  rmyliu  adults  hi  bitutl  luuivi  itih  atitvipretUitt:  SRAI*.  Wf 

lit*  tin*  unlutmn  inlr>  |ib»nf  by  Ml  A I  SNA  urn!  SRAP.  SR\|  appear  i  to  In  Ibt  Grtl  example  of  a  tnnli . 
tide  aillse  U*tli  ol  Ihv  USA  anil  ul  Ihv  pertcin  ksel.  Sm  (lain  01  v  twmdl)  UwMdr  hvumIum  the  iiMtfcn- 

dMBft  imUiul  In  the  aim:  fat  iiui  af  cmlluj  ami  m.iumliuc  fum  timid  SUM  RV\%.  I  Sint  5*- Rapid 

AtipUfkaliti  ei  il)NA  KiDcinilkt  ( r -RACES  we  liusv  Ititvlu  UUntlfeU  toirol  |nrfati>i  UMitMtiplM  iulli- 
ollou  %lli>  tuitoutufinf  Ihe  uvanrf  metlilmiliu  imlun  outl  iitnl  In  tftmciult'  cmliutf  SRAI  IrJiiunpU.  In  the 
(etrm.  mi  oImi  iiliuliflol  an  afcttaulurl*  tffiod  nittmlUu  SRAI  tron*t*i|il  dill  iniitiiui^t  on  inlimi-1  ie- 
fMCK.  L(«iM«  laryniil  RT-ICH  HfUfriOT,  we  twnfktttrf  Ihv  pretciuv  In  limit!  cancir  ufl  lint*  *4  MIA  I 

UN  .At  ranlainlne  BlaDnwiilna  |iadial  uilnm-1  mquawe  and  mtnhlUhnl  Unit  Ibt  nhdtB  pnipnftfea  U 

dim  HS  U  tailed  within  limit!  lancet  ivll  Unix.  (Sant  a  ~ltdlli|tMM.’~  draliyy.  wt  ill*  thuwvd  Ikil  artificial 
IlN  At  cmiljium.t  Ibt  SUAl  iatinii-l  »ii<uimci  aft  alltrnalitck  tpllrrd  in  limit!  cum  it  till  Unix  InliYctl- 
ujl».  Ibt  tfdkliiK  p^lcfii  id  l In  ininirfine  |in*c1nit«  parallel.  Hit-  out  if  Uu  endnttneatt  SUAl  IrontiTipU.  Al- 
iBytllcr.  mil  ilulo  tUKfv*  Uu!  flu  |ieiiturs  ucumiiiU  a^unm  in  ond  oimiud  UnUmtl  it  tnlTaeiiul  In  lewd  In  o 
tSfTri  culid  srfkm,;  nf  Urn  intnm.  ttc  piup«nc  llial  ahimulitc  tfrfkin,  U  inltnu-1  U  mu  nuilianetm  o«*d  In 
hrentl  uuivi  cellt  tv  » iv'uImIi  tin  lialnu  *  btlsnvti  imliu*  ond  ruiiilituial  mnnlait  SRAI  RV\w 
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Appendix  3: 

The  Steroid  receptor  RNA  activator  protein  (SRAP)  belongs  to  a  new 
family  of  transcriptional  repressors. 
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Abstract 


The  steroid  receptor  RNA  activator  was  originally  described  as  the  Fir\t  non  coding  RNA 
able  to  co- activate  the  activity  of  .steroid  receptors.  We  have  then  demonstrated  that  this 
once  thought  non  coding  RNA  is  in  fact  also  able  to  encode  for  a  stable  SRA  protein 
(SRAP).  In  order  to  further  investigate  into  SRAP  mechanisms  of  xtion.  we  have 
identified  SRAP  interacting  proteins  by  miss  spectra  metric  analysis  of  SRAP  co* 
immunoprccipitatcd  samples.  Functional  gene  annotation  classification  revealed  that 
several  of  these  SRAP  interring  proteins  arc  involved  in  the  modulation  of 
transcription.  Wc  have  determined  trough  protein  arrays  that  SRAP  is  indeed  able  to 
directly  interact  with  various  transcription  factors  Furthermore,  we  have  established  that 
SRAP  is  associated  to  chromatin  in  MCF  7  cells.  In  light  of  these  observations,  we 
examined  the  possible  cfTect  of  SRAP  recruitment  on  transcription  using  the  potent 
GAI4  VP16  hybrid  transcripticei  activation  system.  Wc  observed  that  SRA  possesses  a 
transcriptional  repressive  activity  capable  of  inhibeting  the  GAL4  VP  16  transcription 
activity.  This  SRAP  transcriptional  repressive  potential  ls  sensitive  to  Inchostatin  A  (a 
IID AC  inhibitor l  treatment  suggesting  an  involvement  of  HDACs  in  SRAP  mechanism 
of  action.  In  support  of  this  hypotheses,  we  determined  that  SRAP  is  able  to  co- 
lmmunopeecipitate  I1DAC  activity.  Together  our  results  indicate  that  similarly  to  SRA 
RNA.  SRAP  interacts  with  tninscriprtional  regulators  and  is  involved  in  the  modulation  of 
transcription.  However  unlike  SRA  RNA.  SRAP  is  capable  of  negatively  regulate 
transcription  through  the  recruitment  of  I1DAC  activity. 


Keywords:  Steroid  receptor  RNA  activator,  SRA.  SRAP.  transcription 


Introduction 


The  steroid  receptors  family  of  proteins  control  vital  physiological,  developmental  and 
metabolic  processes  by  regulating  gene  expression  in  response  to  endocrine  signaling1. 
While  receptee  activation  initially  plays  a  pivotal  role,  the  tran.scrip<ional  regulation  of 
target  genes  is  ultimately  determined  by  the  interactions  between  receptors  and  co* 
regulatory  molecules  *  These  co  regulatory  molecules  can  be  divided  into  two  broad 
functional  categories,  co  activators  or  co  repressors,  which  respectively  stimulate  or 
inhibit  receptor  activity.  Research  into  the  mechanisms  of  action  of  these  regulatory 
proteins  has  shown  that  they  interact  with  steroid  receptors  and  regulate  their 
trunscrifXionul  activity  by  allowing  or  preventing  the  recruitment  of  the  transcriptional 
i! uc hirers  and  or  by  modulating  the  chromatin  structure  ’.  Steroid  receptor  co  regulatory 
proteins  are  currently  under  extensive  investigation  as  they  offer  a  new  window  of 
oppixtunitv  for  the  manipulation  of  signaling  pathways,  which  could  result  in  the 
development  of  novel  therapeutic  and  diagnostic  strategies  fee  diseases  that  involve 
steroid  receptors  such  as  prostate  cancer  and  breast  cancer. 

The  stcrixd  receptor  RNA  activator  (SRA)  is  an  exceptional  member  of  the  extended 
family  of  steroid  receptee  co-regulatory  molecules.  Indeed.  SRA  was  initially 
characterized  as  a  ner  coding  RNA  molccuk  able  to  co  activate  steroid  receptors  *.  while 
all  other  co- activators  known  today  are  protein  molecules.  SR.Vs  co  activation  action 
was  at  first  thought  to  be  limited  specifically  to  steroid  receptors.  Subsequent  studies 
have  however  shown  thit  SRA  RNA  is  in  fact  able  to  regulate  the  activity  of  other 
nuclear  receptors  such  as  the  thyroid.  Vitamin  I).  retinoic  acid  and  peroxisome 
prolifcrator  activated  receptor  gamma  as  well  as  other  transcription  factccs  such  as  the 


myogenic  differentiation  antigen  \  '  SRA  was  shown  lo  contain  a  core  RNA  sequence 
necessary  and  sufficient  t»>  mediate  steroid  receptor  activity  4.  Detailed  analysis  of  the 
SRA  RNA  secondary  structure  revealed  tlx*  presence  of  several  motives  within  tlx  core 
sequence  needed  for  its  function.  Indeed  mutations  altering  these  secemdary  stnxtures 
have  been  shown  to  affect  SRA’s  co  activating  properties  ,0.  Several  proteins.  interacting 
with  SRA.  have  been  proposed  as  mediator  of  its  function.  These  include  the 
coactivutor/coreprcssor  SHARP  *\  SRC1  \  and  the  AF  1  specific  activator  p72/p68 
pnxein  In  addition,  post ■  transcr.pl ional  modification  such  as  pscudoundylation  by 
pseudouridine  synthases  Pusp  Ip  and  Pusp.lp  have  also  been  demonstrated  to  participate 
in  tlx*  ability  of  SRA  to  modulate  receptor  activity  1  n.  We  have  established  that  SRA 
RNA  was  differerxially  expressed  in  normal  and  in  breast  tumor  tissue  and  suggested  that 
SRA  RNA  could  be  involved  in  mechanisms  underlying  breast  tumorigencsis  and  breast 
tumor  progression  ,4. 

Our  recent  findings  have  added  an  additional  intricacy  to  the  products  of  the  SRA l  gene 
by  demonstrating  that  tlx*  iwkc  thought  non  coding  SRA  RNA  is  actually  also  able  to 
encode  for  a  SRA  pnxein  we  will  refer  to  as  SRAP1*  ,ft.  We  have  established  that  this 
pnxein  is  well  conserved  among  choniates  and.  indeed,  an  alignment  of  SRAP  sequences 
from  different  species  reveals  the  presence  of  two  extrenx*ly  well  conserved  domains 
("Figure  1 ).  likely  involved  in  a  functional  conserved  role. 

Today,  most  studies  on  SRA  only  target  its  functional  non  coding  aspect  and  the  exact 
function  of  SRAP  remains  largely  unexplored.  Herein,  we  explored  the  putative  function 
of  SRAP  by  first  identifying  its  interacting  proteins  partners. 


Results 


Identification  uf  SkAI'-inli-ructing  Prvtriii. 

To  determine  tbc  identity  uf  proteins  interacting  with  SRAP.  w  immunoprecipitated 
SRAP  V5  from  a  previously  described  cell  system  consisting  nf  MCP-7  cells  over 
expressing  V5  tagged  SRA  protein  (MCF-7  SRAP-V5  High  A i  as  detailed  in  the 
Maleriab  and  Methods  section  Whole  cell  extracts  supplemented  with  V5  peptides,  to 
compete  out  the  immunoprecipitatmo  of  SRAP-V5.  men?  used  is  negative  control  to 
identify  proteins  ncci- specific  ally  precipitated  (Figure  2|.  As  expKttiL  V5  tagged  SRAP 
was  deb -.ted  upon  Western  blot  analysis  at  an  aiiqui*  of  th:  piecipctated  sample  but  nut 
in  the  recative  control  (Figure  2|.  Tamirm  maw  ipcctromctnc  analysis  of 
immunoprecipitalcd  sample*  identified  a  total  nf  1 10  umifue  proteins.  We  disregarded  2.1 
of  these  proteins  as  non  specifically  precipitated  since  they  were  present  in  fvilh  the 
immuDoprectpilaicd  sample  and  ncguuve  control  (Figure  2i 

It  w  important  to  ni*c  lhaU  SRAP  was  present  among  the  remaining  specifically 
precipitated  K7  proteins  Using  the  fuixtional  gene  classification  software 
IhtJp.  j}.j\  i  J tduv  m  .A  r;  /.  we  organized  the  proteins  specifically  associated  with 
SRAP  into  distinct  gene  ontology  functional  categories,  sixii  as  protein  biosynthesis 
(table  It.  protein  degradation  (Table  U  j.  proteins  involved  in  transport  iTablc  I  111  and 
chapenmcs  proteins  ‘tables  IV).  A  list  of  pnxeint  know  n  to  poxstbly  be  m>n- specifically 
purified  m  affinity  purification  has  been  compiled  at  the  NUR5A  site 
(hltp/i'w,W’w.nursa.<iig/lileVCccip_Uljckli.st.pdfl.  We  utilised  tlus  informanixi  to 
assemble  an  additional  group  of  proteins  that  might  possibly  h?  piccipitated  non- 


specifically  with  SRAP  iTablc  V)  Then?  were  32  remaining  proteins  (table  VI  (that  canid 


not  be  trustified  in  any  of  the  categoric*  mentioned  above.  In  onler  to  build  a 
hypothetical  SRAP  interactonx*.  we  submitted  the  32  proteins  to  ingenuity  pathways 
analysis  software  (Figure  3>.  Interestingly.  17  out  of  the  31  proteins  (excluding  SRAP) 
are  miclear  proteins.  Several  of  these  proteins  have  been  shown  to  interact  w  ith  each 
other.  Furthermore  II  out  of  the  IH  nuclear  proteins  are  involved  in  transcription  and 
transcription  regulation. 

SRAP  internets  directly  with  transcription  factors. 

The  mass  spectrometry  analysis  of  proteins  immunoprecipitated  with  SRAP  showed  that 
several  interacting  proteins  are  involved  in  tran*rriptional  regulation.  We  tbrrefore 
investigated  SRAP  ability  to  directly  associate  to  transcription  factors  using  protein 
arrays  spotted  with  recombinant  transcription  factors  (Figure  4).  We  used  recombinant 
SRAP  protein  to  monitor  protein  protein  interxtion.  Control  arrays  were  carried  out  to 
identify  false  positives  due  to  non  specific  irftcractkms  between  the  antibodies  and 
transcription  factors.  Only  interactions  appearing  in  the  sample  hi*  not  the  control  array 
were  tabulated.  Recombinant  SRAP  is  shown  to  interact  with  40  different  transcription 
factors  (Table  VII).  Interestingly,  we  have  found  (hat  SRAP  interacts  with  transcription 
factors  with  different  binding  affinities  as  assessed  by  the  strength  of  the  immuno 
detected  signals. 

I'.ndoKcnou*  and  transfected  SRAP  are  associated  with  chromatin  in  MCF-7  cells. 

As  SRAP  interests  with  transcription  factors,  we  investigated  whether  SRAP  could  be 
associated  to  chromatin.  SRAP  V5  High. A  cells  were  treated  with  formaldehyde  and 
proteins  cross  linked  to  chromatin  were  analysed  by  Western  blot  using  and  SRAP.  anti 


Sp3  and  anti  GAPDII  as  desenbed  in  the  Material  and  Methods  section.  Roth  SRAP  VS 


tagged  And  endogenous  SRAP  were  found  to  be  associated  to  chromatin  (Figure  5).  This 
association  was  not  observed  in  the  absence  o f  crao  linking.  As  anticipated,  both  long 
(SP3Lt  and  short  (SP3M)  SP3  isoforms  100  kDa  and  ~60  kda  respectively >  known  to 
be  associated  with  chrumitin.  were  also  delected  in  the  DNA  txrnnd  protein  fraction.  On 
the  other  hand  and  as  expected.  GAPDH.  (37  kDaj  a  mainly  cvioplasmic  protein,  was 
present  in  the  protein  lysate  but  not  associated  w  ith  chromatin. 

SRAP  has  intrinsic  transcriptional  repressive  activity  that  is  sensitive  to  TSA 
treatment. 

To  address  the  possible  effect  of  the  recruitmer*  of  SRAP  by  transcription  factcvs.  we 
constructed  a  chimera  protein  by  fusing  SRAP  to  the  potent  transcriptional  activator 
GAL4  VP  16.  GAL4  VP16  is  a  hybad  molecule  consisting  of  the  veast  activator  GAL  4 
DNA  binding  domain  fused  to  the  transcription  activation  domain  of  the  herpes  simplex 
virus  protein  VP  16  and  was  previously  shown  to  efficiently  xtivate  the  transcription  of 
Gal4  reporter  vectors  in  He  La  cells  ,T.  We  transfected  GAM  VP  16  or  tlx*  chimeric 
GAL4-VP16-SRAP  construct  together  w  ith  a  GAL4  RI;  luciferase  reporter  vector  into 
HeLa  cells  as  described  in  the  Material  and  Methods  section.  The  transcriptional 
activation  in  cells  transfected  with  GAM  VP  16- SRAP  was  significantly  lower  than  the 
activation  observed  in  cells  transfected  with  GAL4  VP  1 6  (Figure  6>.  These  results  thus 
suggested  that  SRAP  decreases  GAL4  VP16  transcription  activation  potential.  In  order 
to  exclude  any  possible  influence  of  SR  A  RNA.  we  used  a  GAL4  VP  16  SRA  vector 
where  the  SRA  cDNA  contained  silent  mutations  (SDMI  and  SDM7>  that  have 
previously  been  shown  to  nullify  SRA  RNA  co  activation  function  l0.  We  found  that 


similarly  to  the  wild  type  SRAP.  SRAP  SDMI/7  was  also  able  to  repress  GAM  VP16 


transac tivatkm  therefore  excluding  any  functional  involvement  of  the  SR  A  RNA. 
Treatment  with  uichostatxn  A  la  specific  HD  AC  inhibitor;  completely  relieved  the 
transcriptional  repression  earned  by  SRAP.  As  expected  the  fusion  of  SUP.  a  known 
transcriptional  co  repressor.  to  the  GAL-1  VPI6  also  led  to  the  repression  of  GAL4  V16 
uansactivation  '\  This  SUP  medi;*cd  repression  is  also  TSA  dependent  as  previously 
demonstrated  Altogether,  these  results  thus  suggest  that  SRAP  possesses  a 
transc ripeional  repressive  activity  possibly  involving  HDACs. 

SRAP  recruits  IIDAC  activity. 

To  determine  if  SRAP  belongs  to  a  complex  containing  IIDAC  activity,  we 
immunoprecxpitited  SRAP-V5  from  SRAP  V5  High. A  nuclear  cxtrxts  and  assessed 
whether  the  prccipctatcd  complex  contained  IIDAC  activity,  as  described  in  the  Material 
and  Method  section.  The  SRAP-V5  lmniunoprccipitatcd  sample  contained  significantly 
more  IIDAC  activity  than  tlx*  control  MCF«7  cells  inimunoprecipitated  sample  (Figure 
7).  Furthermore,  the  adiition  of  VS  peptide  to  compete  out  SRAP  VS  precipitation  brings 
back  IIDAC  activity  to  levels  comparable  to  the  one  seen  in  un  transfected  MCF-7 
control  cells.  These  results  therefore  demonstrate  that  precipitation  of  SRAP  V5  results 


in  specific  co  immunopeecipitatinn  of  IIDAC  activity. 


Discussion 


Herein,  we  cstablidied  that  SRAP  form  complexes  with  several  proteins  including 
transcriptional  regulators.  We  showed  that  SRAP  con  directly  bind  transcription  factors 
and  that  its  fusiixi  to  VP- 16  decreased  the  activity  of  this  strong  transcriptional  activator. 
We  found  that  this  inhibitory  a:tian  involves  I IDAC  activity  and  that  SRAP  is  closely 
assoc  iated  to  chromatin. 

To  investigate  its  functional  role,  we  opted  for  a  strategy  aimed  at  identifying  proteins 
forming  complexes  with  SRAP.  As  no  antibodies  immunoprecipitating  SRAP  were 
available  when  we  initiated  this  study,  we  used  a  previously  established  cell  system 
consisting  of  MCP-7  breast  cancer  cells  stably  expressing  SRAP  V5- tagged  protein  1  *  It 
is  important  to  stress  that  in  these  cells  both  exogenous  and  endogenous  SRAP  are 
expressed  at  similar  levels  1  \  It  therefore  provided  a  suitable  system  where  the  SRAP-V5 
tagged  protein  was  not  drastically  oxer  expressed.  TTtis  reduced  the  possibility  to  identify 
arte  factual  protein  partners  as  a  result  of  an  unphpaological  amount  of  exogenous 
immunoprecipuated  SRAP. 

As  expected  in  immunoprccipilatcd  complexes  from  total  cellular  extracts,  the  majority 
of  SRAP  interacting  proteins  identified  were  "house  keeping”  proteins.  Such  common 
proteins  partners  are  indeed  anticipated  to  interact  with  most,  if  not  all.  proeins  as  they 
xc  involved  in  general  protein  metabolism  such  as  biosyrfthesis.  degradation,  transport 
and  chaperoning.  In  addition,  we  also  identified  several  proteins  that  have  been  cited  as 
possibly  non -specif*: ally  purified  in  affinity  purification.  These  inrlude  cytoslccletal 
proteins  such  as  various  actins.  myosins,  and  tubulins  as  well  as  metabolic  enzymes 


involved  in  gluconeogenesis  and  tRNA  synthesis. 


Among  ihe  .12  partners  identified  as  forming  con^kui  with  SRAP  <Tabtc  VI I  floured 
proteins  known  tu  physically  interact  with  each  other.  FVir  example  YWIIAZ.  which 
belongs  to  llir  14-3*3  family  of  prtArins  mediating  signal  transduction  by  binding  to 
phnsphmennr  containing  protein*.  ha*  been  shown  to  directly  interact  with  NPMK 
tnucleofhmmin)  and  nudcolin  (NCL)31  Similarly.  POL1RC  and  TAF15  are  known  to 
both  he  lung  to  the  same  transcriptinn  pic  initiation  complex  "*  This  simple  observation, 
ncx  only  confirms  llut  several  mdefvndcnt  complexes  base  been  specifically  cu- 
immunopcrcipitatcd  with  SRAP.  but  alio  umlrriirx**  the  fact  that  SRAP  U  likely  involved 
in  several  different  cellular  prtcexse*.  Tim  u  further  cunfirmcd  by  the  fwtcmgcncit)  of 
partners  identified.  winch  included  ciuvium  l  such  as  MUIFDI. 
nvthylenetetrahydrotblase  dehydrogenase  NADP+  dependent  ft.  phosphatases  l such  as 
PPP1.  protein  phosphatase  1.  catalytic  subunit,  alpha  isolnrmi.  proteins  involved  in  RNA 
nvtahnlism  (such  as  SYNCR1P.  Synaptotagmin  binding  cytoplasmic  RNA  interacting 
protein)  and  transcription  factum. 

Tlie  n*ist  striking  finding  of  our  study  was  the  fad  that  the  majority  of  the  remaining  1 32) 
proteins  weir  nuclear  and  several  of  these  have  but  shown  to  be  mvolsvd  in 
transcriptional  regulation  Among  these  were  MUD 3  (Methyl  *CPG  binding  dimain 
pnwein  3.  a  member  o i  the  niicleosnme  rrmodeling  and  histone  drarelylate  complex 
(Nuvd) n.  BAF37  <a  cm  subunit  nf  the  SWI/SNP  dim  matin  rrmodeling  complex)11  and 
YB-1  lY-bcix  binding  protein,  a  transcript im  factor  with  multiple  functuxxs  including  cu 
rvpicisiim  ar*l  co- activation  of  other  transcription  lactocx)  *\  The  high  number  of  factors 
invuived  in  tranu.~nr*iunal  regulation  among  SRAP  interacting  proteins  strongly 
suggested  thu  SRAP  might  also  be  involved  in  the  modulation  of  transcription. 


In  a  concerted  effort  to  generate  a  database  of  protein*  interacting  with  co*  factors  *\  a  list 
of  SRAP  interacting  protein*  w »  mode  available  in  Jauary  2CK)7 
(http^/w ww.ruirsj.org/datasetsxfm).  These  proteins  were  identified  by  co* 
lmmunopeecipitating  SRAP  asscciated  protein*  from  nuclear  ICela  cell  extracts  using  now 
commercially  available  anti  SRAP  antibodies.  Most  of  the  SRAP  interacting  proteins 
identified  here  were  different  than  the  ceic*  we  identified.  Thi*  disparity  is  most  likely 
due  to  the  difference  in  cell  system  a*  well  as  antibodies  used  for  imnuinoprccipitation. 
Nonetheless.  13  out  of  4S  protein*  identified  in  this  study  arc  also  known  to  participate  in 
transcripftional  regulation.  Included  in  these  were  several  members  of  the  PBAF  subgroup 
of  the  SWI/SNF  chromatin  remodeling  complex.  Polvbronio  1  (also  known  as  BAF  180) 
and  BAF  200.  two  *ubunit*  uniquely  present  in  the  PBAF  subclass  of  SWI/SNF 
remodeler.%  as  well  as  BAF  170.  a  hallmark  of  many  ligand  depemirnt  nuclear  bnrmnoc 
receptee  binding  protein  modules  were  identified.  While  we  did  not  identify  these 
exact  members  of  PBAF  complex,  we  have  however  found  another  member  of  BRG- 1 
associated  factors,  namely  BAF  57.  to  lx*  associated  with  SRAP  in  our  cell  system. 
Interestingly.  BAF  57  has  also  been  shown  to  interact  with  these  components  of  the 
PBAF  subclass  of  rvmodelcr*  2A. 

Altogctlxr.  these  data  raised  the  possibility  that  SRAP  is  enfoedded  in  complexes 
regulating  transcription  events.  The  direct  binding  of  SRAP  with  many  different 
transcription  factors,  revealed  by  protein  array,  suppeets  this  hypothesis.  Among  the 
factors  recognized  figured  steroed  receptors  i  HR  beta.  and  GR>.  The  direct  binding  of 
SRAP  to  steroid  factors  was  expected.  Indeed.  Kawashima  et  al.  showed  that  a  partial  rat 
SRAP  sequence,  consisting  of  the  second  conserved  domain  of  SRAP  (see  Figure  1 was 


able  to  directly  internet  with  the  androgen  receptor  '  .  In  adJition.  we  have  verified  that 
SRAP  is  able  to  directly  interact  with  IR -alpha.  HR  beta  as  well  as  PR  by  glutathione  S 
transferase  pull  down  assay*  tdata  not  .shown).  SRAP  is  also  directly  binding  to  several 
other  transcription  factors  including  MEP2A.  whic  h  was  also  found  in  SRAP  complexes 
isolated  by  O'Malley’s  group.  Tlie  high  number  of  transcription  factors  recognized 
indicates  that  many  dilferent  pathways  might  be  sensitive  to  the  presence  or  absence  of 
SRAP.  Interestingly.  SRAP  interacted  strongly  with  factors  such  as  EIMxta  and  HAND 
I  but  weakly  with  ATF-1  and  apparently  not  with  other  factors  such  as  DR  1.  These 
results  suggest  that  SRAP  selectively  associates  with  several  transcriptional  factors  and  is 
likely  to  have  differential  impact  on  the  pathways  involved.  IHirther  studies  are  needed  to 
assess  SRAP  action  on  each  individual  transcription  factors  and  consequently  SRAP  role 
in  tfo:  implicated  pathways. 

The  observation  that  SRAP  interacts  with  transcriptional  regulators  and  transcription 
facti**  as  well  as  associates  with  chromatin  led  us  to  hypothesize  that  it  might  itself 
participate  in  regulating  transcription  events.  In  order  to  establish  the  effect  of  SRAP 
recmitenxnt  on  transcription  sites,  we  investigated  the  consequence  of  SRAP  fusion  to 
the  transcriptional  activate*  GAL4  VP16.  Wc  showed  that  SRAP  fusion  to  VP  16 
decreased  the  activity  of  this  strong  transcriptional  activator.  In  c*dcr  to  exclude  any 
influence  of  SRA  RNA.  w*  generated  an  additional  GAL4  VP16  SRA  construct  that 
contained  a  set  of  silent  mutations  (SDM1/7)  demonstrated  to  nullify  SRA  RNA  function 
without  altering  the  SRAP  coding  sequence10.  SimiLirly  to  the  wild  type  SRA.  the  SRA 
SDM1/7  also  decreased  VP  16  transcriptional  activity  suggesting  that  the  transcriptional 
repressive  activity  of  SRA  was  solely  attributed  to  SRAP. 


IHirthermorc  we  determined  that  the  transcriptional  repressive  activity  of  SRAP  was 
sensitive  to  trichostatin  A.  ami  that  SRAP  belong*  to  coinpkrxe*  cortfaining  HDAC 
artivity.  The  association  of  SRAP  to  such  complex?*  i*  not  surprising.  a*  some  of  tbe 
SRAP  interacting  partners  identified  by  nu*s  spcctromrtry  have  been  shown  to  directly 
or  indirectly  interact  with  IlDACs.  Indeed.  MBD3  ha*  been  shown  K>  directly  interact 
with  HDAC  1  and  1IDAC2  and  i*  a  known  component  of  the  NurD  complex  known  to 
contain  both  nucleo*ome  remo&ling  x*  well  a*  HDAC  activities  It  ha*  been 

suggested  that  the  NurD  complex  is  Urgcted  to  specific  promoter*  by  transcription  factor* 
resulting  in  transcriptional  repression  J).  YWHAZ.  another  SRAP  interacting  protein 
identitied  in  our  study  wx*  also  shown  to  directly  interact  with  HDAC  4  and  regulate  it* 
cellular  localization  Altogether,  these  observations  strongly  suggest  that  SRAP  might 
negatively  regulate  transcription  through  HDAC  recruitment  on  targeted  promoter*. 

The  transcriptional  repressive  effect  of  SRAP  on  the  GAL4-VP16  system  corroborate* 
our  initial  findings  showing  that  MCT-7  cell*  overexpressing  SRAP  had  a  decreased 
sensitivity  to  estradiol  treatment.  While  berh  SR  A  RNA  and  protein  were  expressed  in 
thi*  system,  we  had  suggested  that  the  observed  repressive  effect*  on  estrogen  receptor 
signaling  were  likely  attributed  to  SRAP  rather  than  SRA  RNA.  a*  thi*  RNA  is  known  to 
co  activate  steroid  receptor  pathway*  lJ. 

A  repressive  role  of  SRAP  is  however  in  direct  control  with  Kawashima  et  al. 
observations  which  led  the  authers  to  hypotforsize  that  SRAP  might  be  a  steroid  receptor 
co-activator  *'  *\  TTicse  authors  haw  initially  reported  the  cloning  of  a  rat  SRA  mRNA 
encoding  a  protein  starting  at  the  third  roethionira;  codon  of  the  rat  SRA  cDNA  sequence 
(Figure  1).  Interestingly,  they  have  shown  that  thi*  truncated  SRA  protein  directly 


interacted  with  the  androgen  receptor  (AR)  and  increased  it*  ligand  dependent 
transcriptional  activity.  Mutation  amlvsis  confirmed  the  need  for  an  open  reading  frame 
encoding  a  protein  to  be  functional  and  led  the  author*  to  conclude  that  the  SR  A 
molecule  acting  a*  a  co  activator  wav  likely  a  protein,  xt  opposed  to  an  RNA  molecule.  A 
careful  examination  of  the  sequence  used  in  these  experiment*  revealed  however  that  it 
started  well  within  the  core  SRA  sequence  show  n  to  be  necessary  for  full  co  activation  by 
the  SRA  RNA.  The  observed  absence  of  effect  of  SRA  RNA  might  thrrefore  result  in 
their  study  from  an  important  missing  domain  of  the  active  core.  The  absence  of  the  first 
conserved  domain  in  the  studied  rat  SRAP  also  suggest*  that  the  effect  observed  might 
not  correspond  to  the  true  SRAP  function.  In  a  subsequent  study,  the  same  group  has 
shown  that  the  full  length  SRAP  was  also  able  to  co- activate  AR.  However,  the  SRA 
sequence  used  in  transfection  experiments  contained  the  complete  core  sequence  shown 
to  be  suff&rienl  for  SRA  RNA  function.  The  observed  AR  transcriptional  activation  might 
therefore,  in  these  experiments,  result  from  a  combination  of  both  SRA  RNA  and  protein 
artions.  SRAP  might  also  be  able  to  act  as  activator  or  repressor,  depending  upon  the 
cellular  context  or  th:  transcription  factor  involved.  Further  studies  are  needed  to  clarify 
these  issues. 

SRA  is  the  first  example  of  an  increasingly  complex  hi  faceted  molecule  consisting  of 
functional  RNA  and  protein.  In  such  a  complex  bi  faceted  system,  the  possible 
concurrent  actions  of  both  entities  present  a  challenge  in  determining  their  exact 
individual  influences.  There  is  therefore  a  crxxial  need  for  developing  experimental 
approaches  allowing  the  distinction  between  SRA  RNA  and  SRAP  functions  in  order  to 
dissect  further  into  their  respective  mechanism  of  action.  The  fact  that  SRAP  irtferacts 


with  fa: too  such  as  HR  beta.  GR  or  YB1.  shown  to  be  functionally  jjk!  physically 
associated  with  SRA  RNA  *  11  "  M.  strongly  suggests  that  ctoss  talks  exist  between  SRA 
and  SRAP  signaling.  The  involvement  of  both  molecules  in  the  same  signal  transaction 
pathways  adds  a  further  level  of  complexity  to  this  system. 

We  propose  th:*  SRAP  be  kings  to  a  new  very  well  conserved  faintly  of  proteins  likely  to 
art  as  a  transcnptional  repressors.  SRA  RNA  has  been  previously  found  to  a:t  as  a  co 
artivatcr.  This  suggests  that  these  two  products  of  the  SR/ 1/  gene  are  acting  as  two 
driving  forces  hrading  in  two  opposite  directions. 


Material  and  method* 


Alignment  of  SRAP  sequences:  Putative  SRAP  sequence  from  Homo  sapiens.  Box 
Taurus.  Mux  nwisculut.  Raitus  nonegicus.  Sus  scrota.  Equus  cahillus.  Macaca  mulata. 
Gallus  callus.  Oryzia*  latipcs.  Occoorhyncus  my  kiss.  Eugu  rubripes.  Silurana  trupicalis. 
Xenopus  Lie  vis.  Danio  rcrio.  Ciocia  intcstinalis  and  Cwna  savienvi  were  obtained  us 
described  *5.  Additional  sequences.  Canix  familiaris  (C0618S59.  C07l»66t.  TCI 8506). 
Fongo  Pygraaro*  (CA I *93286).  Ovix  aries  fCN$23374).  Salmo  solar  (CK898692. 
CK897&i9.  CK885179)  were  processed  similarly  to  get  the  corresponding  SRAP  protein 
sequences.  All  the  putative  SRA  protein  sequences  were  then  aligned  using  the  Multalin 
alignment  tool  t  http://prodcs.toulouse.inra.fr/mult.ilirv  l. 

Cell  culture 

Human  breast  cancer  cell  lines  MCE  7  stably  transfected  with  pCDNA  3.1  SRAP- VS  His 
(MCF-7  SRAP  VS  Iligh.A)  and  MCE  7  stably  transfected  with  pCDNA  3.1  VS  His 
vector  alone  < MCF- 7- Control )  were  previously  described  1  .  MCF-7  control.  MCT-7 
SRAP  VS  High.  A  and  He  La  lATCCl  cells  were  cultured  in  DM  EM  iGIBCO.  Grand 
Island.  NY)  medium  supplemented  with  5%  fetal  bovine  serum  tCANSERA.  Rexdalc. 
ON),  penicillin  1 11X1  units/ml),  streptomycin  (100  pg/ml)  iGIBCO.  Grand  Island.  NY), 
and  0.3%  glucose.  Cells  were  grown  in  a  37°C  humidified  irxubxitor  w  ith  S%  CO^. 

Imiuunoprccipitation 

MCF-7  SRAP  VS  HighA  cells  were  lysed  in  IX  native  buffeT  (50  mM  NaPOL  0.5  M 
NaCI  pH  7.6)  supplemented  with  protease  inhibitor  (Roche.  Mannheim.  Germany) 


through  two  siarccxsivc  freeze- thaw  cycle  using  dry  ice/ethanol  and  42°C  water  baths 


followed  by  4  passages  through  an  18  gauge  needle.  The  lysate  was  spun  down  and  the 
supernatant  was  used  foe  immunoprrcipitation.  Mouse  IgG  antibodies  (Sigma.  St  Louis. 
MO)  covalently  linked  to  agarose  beads  were  intubated  with  the  lysrte  for  90  minutes  at 
room  temperature  to  pre  clarify  the  lysate.  Following  centrifugation,  tlx*  supernatant  was 
divided  in  two  equivalent  sairfilcs.  One  of  the  simples  was  incubated  with  anti* VS 
antibodies  I  Sigma.  St  Louis.  MO)  covalently  linked  to  agarose  heads  (binding  capacity: 
2.5  nmo&e/ml).  The  other  sample  was  first  supplemented  with  V5  peptide  <350  times  in 
excess  of  the  antibodies  binding  capacity)  aixl  then  incubated  with  anti-VS  antibodies 
covalently  linked  to  agarose  beads.  Both  samples  were  incubated  on  a  rotary  platform  at 
room  temperature  for  90  miniftes.  Samples  were  then  centrifuged  and  the  beads  were 
washed  four  limes  with  IX  PBS.  The  immunoprccipitalcd  proteins  were  eluted  with  100 
mM  glycine  HCI  <plt  2.2).  The  cluates  were  neutralized  with  0.5  M  Tris.  Samples  were 
then  either  examined  by  mass  spetfrometric  analysis  or  by  Western  blot  analysis. 

Western  Blot  analysis. 

Immuncprccipilatcd  samples  were  analyzed  as  previously  described  1  *.  Mtxise  anti-VS 
(Invilrogcn  Carlsbad.  Cal.  rabbit  anti  S RAP  743  (Bethyl.  Montgomery  .  TX|.  anti  SP.3 
(Santa  Cruz.  Santa  Cruz.  CA).  mouse  anti  CiAPDH  antibodies  (Abeam.  Cambridge.  MA> 
were  used  at  a  dilution  of  1/5000.  1/1000.  1/1 COO  and  1/1000  respectively.  Secondary 
goat  anti  mouse  IIRP  (Sigma.  St  Louis.  MO),  or  goat  anti  rabbit  HRP  (Sigma.  St  Louis, 
MO),  were  used  at  a  dilution  of  1/3000. 

Tandem  mass  spectrometric  analysis  ofSRAP  coinununoprccipitatcd  samples. 

Immunqprecipitated  samples  were  analyzed  by  mass  spectrometry  at  the  Manitoba  Centre 
for  Proteomies  and  System  Biology  (http://www.proteomc.ea/).  Briefly. 


imrxiunnprvcipitalcd  dimples  were  eluted  with  100  m\4  Glycine  IK7I  and  neutralized  with 
0.5  M  I  f inrl  •  Tn».  Elution  ami  neutralization  buffos  wne  removed  by  ccntnlugmg  tbe 
samples  through  lillri  tube*  (centrical  YM10>  (Mil  I  spun!  Cqrpurjtkm.  Bedford.  MA)  for 
15  nun  at  5000  g  Samples  wen?  resuspended  in  50  pi  of  I  ft)  mM  NH4HC03,  reduced  in 
the  presence  of  5  pi  of  100  mM  dithiottadtol  at  56  C  for  -VI  to  45  min  and  alkylated 
with  5  pi  nf  3ttl  mM  indiucetatnidc  at  room  temperature  in  the  dark-  Dithiahreitnl  and 
ir<liMcetanude  were  temnol  by  ccntnfuginc  the  filter  tube*  fa  15  min  at  U.IXKIrpm 
and  the  sample i  were  resuspended  in  50  mM  N1I411C03.  Samples  were  digested  by 
incubation  with  trypsin  digesting  buffer  1 50  mM  N1I4IIC03,  10  ng/pl  bovine  pancreatic 
trypsin  iCalbiixhcm  San  Dieju.  CA»  overnight  at  37  nC.  T7*r  tryptK*  pcptiii?  fragment* 
samples  wen?  lyophiliml  and  resuspended  in  0.1  'i  TFA  Itriflunnuurtsc  acid>  and 
analysed  by  matrix  assisted  laser  desorption  iaii/aiinn  iMALDIj  nn  a  quxlruple  uicb:  of 
flight  iQqTOF)  mass  spectrometry  as  previously  described 

Database  searches  and  protein  identification. 

The  Global  Pfoleotne  Machine  ihttpy/www.ihegpmnrg/)  was  used  to  pnicess  MS/MS 
data  files  and  search  the  Human  swissprot  database  to  identify  SRAP  interacting  proteins 
We  disregarded  proteins  that  were  common  K?tween  the  V5  peptide  competition 
immunoprccipt tated  sample  (negative  control  I  and  the  immunoprecipitatcd  sample.  Uung 
the  functional  gene  classification  tcxil  softwares  DAVID  Qwr  U  uhi  c  h.  ;<i  n  •: u  *  i. 
PANTHER  thRp.'Vwww.pinthenlb  org/t  and  die  Ingenuity  pathway  analysis  Miftwarc 
<  hups:. '/analysis  inrenuitv  cutty  1.  we  clamified  tbe  proteins  specifically  associated  with 
SRAP  into  distinct  gene  ontology  functional  categnnrs  and  cellular  localization 


Generation  of  recombinant  SRAP 


Recombinant  SRAP  protein*  were  generated  by  Pn>Mab  biotechnologies  Inc 
(Albany.CAj.  The  SRA  eDNA  (AF293024I  won  cloned  into  pET-2  U+)  bxteritl 
apieuian  vector.  The  resulting  SRAP  pnxein  sequence  was  modified  as  follow*.  A  N- 
terminal  tag  (MASMTGGQQMGRGSEF)  was  added  prior  to  the  firvt  methionine  which 
wav  changed  to  phenylalanine.  The  stop  codon  wav  omitted  and  a  C  terminal  Hivtidine 
lag  (KLAAALEIIHHillllij  wav  added.  This  recombinant  SRA  protein  wav  expressed  in 
bacteria  and  purified  via  the  histidine  tag. 

Punomir*  Array. 

TT- protein  array  analysis  tPanomics.  Redwood  City.  CA)  was  performed  av  per 
nunufacturcrs*  instruction*.  Briefly,  panonucs  TI:  protein  arrays  I.  II.  Ill  and  IV  were 
incubated  with  5  pg  of  recombinant  SRAP  protein  diluted  in  4  ml.  bhxking  buffer  1  for  2 
hours  at  room  temperature.  A  rabbit  anti  SRAP  antibody  targeted  against  amino  acids  20 
to  34  :l  diluted  1/1CKXI  in  IX  blocking  buffer  II  was  used  as  primary  antibody.  Secondary 
horseradish  peroxidase  linked  goat  anti  rabbit  antibodies  (Bio  Rad.  Hercules.  CA>  were 
then  used,  for  each  xray.  a  duplicate  blot  w*js  probed  with  primary  and  seccmdary 
antibodies  alone  in  order  to  ffetcrminc  false  positives  l proteins  that  are  non  specifically 
recognized  by  either  the  primary  or  secondary  antibodies  |.  Signals  were  analyzed  by 
SupcrSigmil  West  Pico  Chemiluminescent  Substrate  (Pierce.  Rockford.  1L>. 
Chemiluminescence  signals  were  captured  using  the  Fluor*  S  Max  Multiimager  iBio 
Rad.  Hercules.  GA>  and  analyred  with  the  Quantity  One  system  software  (Bio  Rad. 


Hercules.  CAj.  Dots  appearing  in  the  sample  but  not  the  control  ;irray  were  tabulated 


The  strength  of  SRAP  protein  interaction  was  consigned  as  strong  <■*+-*!.  moderate  (H) 
or  weak  (♦J  depending  on  the  intensity  of  the  .signals. 

Isolation  nf  DNA*ai«iciilcd  Proteins  l»y  l  ormuldehsde  C  ross-linking 
DNA  associated  proteins  were  isolated  as  previously  described  v*.  Briefly.  MCT  7  SRAP 
High. A  cells  were  inrubated  with  1%  fornuklehyde  for  10  min  at  room  temperature. 
Reactions  were  quenched  with  the  addition  of  125  mM  glycine  in  phosphate  buffered 
saline.  As  a  control  for  non-specific  precipitation  by  hydroxyapatite.  MCF-7  SRAP 
High. A  cells  were  not  cross  linked  but  incubated  m  phosphate  buffered  saline  alone  for 
10  minutes.  After  washing,  cells  were  collected  and  resuspended  in  lysis  buffer  (5  M 
urea.  2  M  guanidine  hydrochloride.  2  M  N;iCl.  and  0.2  M  potassium  phosphate  buffer.  pH 
7.5).  Somcation  was  earned  out  to  solubili/e  chromatin  and  associated  proteins,  and  cell 
lysates  were  collected  following  centrifugation.  The  cell  lysates  were  then  incubated  w  ith 
hydroxyapatite  (Bio  Rad.  Hercules.  CAl  <1  g  of  hydroxy apatitettOA^,).  Samples  were 
washed  three  times  with  ice-cold  lysis  buffer  to  remove  proteins  unbound  to  DNA. 
Cross  linking  was  reversed  at  65  ’C  overnight  and  following  dialyze  in  water.  DNA 
bound  proteins  were  lycphilized.  Proteins  were  rettispendcd  in  IX  SDS  loading  buffer 
and  submitted  to  Western  Mot  analysis.  Anti  SRAP  antibodies,  anti  SP3  and  anti 
GAPDH  antibody  were  used  for  immunodetec  tion  as  described  earlier. 

I.ucifcrase  reporter  gene  assay. 

The  pGALi  VP16  and  pGAL4- VPI6-SHP  vectos  were  constructed  as  previously 
described  ".  The  pG.Al.4  V PI 6  SRAP  jikI  pGAL4  VPI 6  SRAP  SDMI/7  vectors  were 
constnxted  as  follows.  The  cDNA  encoding  SRAP  was  amplified  by  PCR  using 


pCDNA.Vl  V5  hts  containing  eilher  SRAP  cDNA  or  SRAPSDMIS7  cDNA  Ranking  5* 


EcoRl  site  and  3*  Hind  111  site  were  added  during  amplification  (blowing  digest  Kin 
the  SRA  cw  SR  A  SDMI/7  eDNA  we  re  inserted  into  pGAI4  VP16  previously  digested 
with  Henri  and  Hind  III 

13c Lit  cells  were  transiently  transfected,  using  the  cationic  transfection  reagent  jctPEI7*5 
(Qbcogenc  inc.  Carlsbad.  CA)  according  to  the  minufacturefs  protocol.  Briefly .  0.5  pg 
of  either  pGAL4  VPI6  pGAU  VPI6-SHP.  pGAL4  VP16  SRAP  or  pGAl.4  VP16 
SRAP  SDMI/7  were  co  transfected  with  0.5  pg  of  GAL4  RE  luciferase  reporter 
fluciferasc  reporter  vector  containing  a  GAL-4  response  element  I  plasmid  and  0.1  pg 
beta  galactosidase  vector.  TTic  amount  of  plasmid  vectcr  was  kept  constant  in  all 
experiments.  Tricbostatin  A  tTSA.  Sigma.  St  Uxiis,  MO>  or  ethanol  (vehicle)  was  added 
to  the  indicated  concertfration  16  hours  before  lysis.  Cells  were  harvested  24  hours  after 
transfection  in  a  passive  lysis  buffer  tPromega.  Madison.  WI>.  Aliquots  were  used  fee 
beta  galactosidase  and  luciferase  activity  assays.  To  measure  galactosidasc  activity, 
the  lysate  was  mixed  with  a  beta  galactosidase  buffer  <60  m.M  Na2HPOt.  40mM 
Na!l2P04.  10  mM  KC1.  1  mM  MgC12,  and  50  mM  fvfci  mercaptoethinol)  to  which  was 
added  ONPG  to  a  final  concentration  of  2  mM.  The  activity  was  given  by  absorption  at 
the  optical  density  of  415  nm  TK:  luciferase  activity  was  measured  by  the  reacticoi  of 
lysate  with  the  lucifcrin  solution  (Promega  Madison.  Wl)  Luciferase  activities  were 
measured  as  relative  light  units  (RLU)  on  the  LMax™  mieroplate  reader  lununometer 
(Molecular  Devices.  Sunnyvale.  CA).  The  lixiferase  activity  was  divided  by  the  beta- 
galactosidase  activity  to  arcount  for  transfection  efficiency  disparity  between  samples. 
The  relative  luciferase  activity  of  cells  transfected  with  pGAIv4-VP16  was  assigned  as  1 
The  luciferase  activities  of  cells  transfected  with  the  other  vectors  were  expressed  relative 


li>  that  of  pGAL4-VPI6.  Results  represented  are  the  average  of  three  independent 
experiments.  Standard  deviations  were  calculated  and  student’s  T  ten  was  used  to  assess 
significant  differences  between  samples  and  control. 

IID AC  activity  assay. 

MCI7  7  SRAP  V5  High. A  and  control  MCP  7  were  grown  in  normal  conditions.  Nuclear 
proteins  were  isolated  using  the  nuclear  extraction  kit  <  Panomics.  Redwood  City.  CA>. 
MCI7  7  SRAP-V5  High.  A  nuclear  extract  was  divided  in  two  equivalent  samples.  One  of 
the  MCP  7  SRAP-V5  High. A  nuclear  extract  and  the  control  MCP  7  cells  nuclear 
extracts  were  ircubated  with  anti  V5  antibodies  covalently  linked  to  agarose  beads 
(binding  capacity.  2.5  nmotexfail).  The  other  MCI7  7  SRAP  VS  High. A  nuclear  extract 
was  fir\t  supplemented  with  VS  peptide  (350  times  in  excess  of  anti  V5  antibodies 
binding  capacityi  and  then  incub^ed  with  anti  V5  antibodies  covalently  linked  to  agarose 
heads.  Immuprecipitaion  reactions  wen?  performed  as  mentioned  earlier.  IIDAC  activity 
was  measured  using  the  fluorometric  IIDAC  assay  kit  (Abeam.  Cambridge.  MAl  as 
indicated  by  the  nvinufacturer.  with  the  following  modifications.  After  washing  the  beads 
three  times  w  ith  PBS.  the  sanplcs  were  washed  with  1  x  IIDAC  assay  buffer  and  then 
resuspended  in  100  pi  of  IIDAC  assay  buffer  containing  HD  AC  substrate.  Boc  Lys(Ac) 
pNA.  Equal  volume  of  anti*V5  antibodies  covalently  linked  to  agarose  beads  were  used 
as  blanks.  In  order  to  nornxili/e  for  the  differences  in  IIDAC  activities  present  in  the 
MCP- 7  SRAP- VS  High. A  and  control  MCP  7  cell  line.  5  pi  of  nuclear  extracts  from  each 
cell  lines  were  added  to  anti-V5  antibodies  covalently  linked  to  agarose  beads, 
resuspended  in  100  pi  IIDAC  assay  buffer  containing  IIDAC  substrate  Boc  Lys(Ac) 


pNA  and  assessed  for  IIDAC  activity  along  with  the  other  samples.  All  sanples  were 


incubated  at  37  *  C  for  1  hour.  Ten  microlitres  of  lysine  &  vclopcr  was  then  added  and  the 
samples  were  incubated  for  an  additional  half  an  hour  at  37  °  C.  The  samples  were 
examircd  in  a  fluorescence  pLite  reader  l  excitation  =380  nm  and  embtsion=  450  nm>. 
IIDAC  activities  present  in  each  immunoprecipitated  samples  were  firvt  normalized  to 
the  total  IIDAC  activity  present  in  the  corresponding  cell  line  nuclear  extract  as  follows. 
Fluorescence  readings  of  ea:h  immunoprecipitated  samples  were  first  divided  by 
fluorescence  readings  of  5  pi  of  the  corresponding  cell  line  nuclear  extract.  The 
normalized  fluorescence  reading  of  the  MCT  7  control  immunoprecipitated  sample  was 
arbitrarily  assigned  as  1  foe  each  experiment.  The  mxmali/cd  fluorescence  readings  from 
the  other  two  immnuprecipitatcd  samples  were  then  expressed  relative  to  the  activity  of 
the  immunoprecipitation  control  for  each  experimer*  and  were  qualified  as  relative 
IIDAC  activity.  The  relative  IIDAC  activities  were  then  averaged.  Results  are 
representative  of  four  independent  experiments.  Standard  deviations  were  calculated  and 
significant  differences  between  samples  assessed  using  the  Studmf  s  T  test. 
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Figure  I.  Conservation  of  SRAP  sequences.  A)  Alignment  of  Chordata  SRAP 
sequences.  The  numbers  indicated  on  top  of  the  alignment  correspond  to  amino  acid 
sequence  of  the  humin  SRAP  protein  encoded  by  SR  A 1  (Geobonk  8AF293G24).  Amino 
a:iilN  conserved  in  all  species  are  in  red  letters  whereas  those  observed  in  S<Kv  100%. 
60%. 80%  cc  levs  than  60%  of  all  species  are  in  orange,  blue,  and  black,  respectively. 
Within  the  consensus  scqixncc.  #.  !  and  -f  stand  fee  D  or  I:.  I  or  V  or  M  or  L  .  and  K  or  R. 
respectively.  B)  Schematic  representation  of  human  SRAP  sequence.  Red  boxes  show  the 
two  conserved  regions.  Positions  are  given  relatively  to  the  first  methionine. 

Figure  2.  Strategy  used  to  identify  proteins  forming  specific  complexes  with  SRAP 

Total  proteins  from  MCF  7  cells  stably  expressing  SRAP  VS  were  extracted,  divided  into 
two  pools  and  subscqiarntly  immunoprccipiUrtcd  with  ami  V5  antibodies  in  the  absence 
or  presence  of  an  excess  of  V5  peptide  as  described  in  Materials  and  Methcds. 
Immunoprecipitated  fractions  <1P|  or  supernatant  l  Sup)  were  checked  by  Western  Mot 
using  anti  V5  antibody.  Total  protein  extracts  I  Tot  I  was  used  as  positive  control.  Proteins 
contained  in  immunoprccipctatcd  fractions  were  then  sequenced  by  MS/MS.  allowing  the 
identification  of  proteins  forming  specific  complexes  with  SRAP 

Figure  3.  Cellular  distribution  of  SRAP  interacting  protein.  Proteins  from  Table  VI 
were  analyzed  using  the  Ingenuity  pathways  analysis  software.  Proteins  presented  in 
diamond,  triangle,  and  oval  shapes  are  enzymes.  phosphatases  and  transcriptional 
regulators,  respectively.  Others  arc  depicted  by  circles.  Proteins  involved  in  RNA 
metabolism  are  in  blue  letters.  Known  protein  protein  interactions  are  depicted  by  solid 
links. 

Figure  4.  SRAP  directly  interacts  with  transcription  factors  in  vitro.  Transcription 
factor  protein  array  I  was  incubated  with  human  recombinant  SRAP  tSRAP)  or  no 
protein  (control)  before  imnxino  detection  with  anti  SRAP  antibodies  as  described  in 
Materials  and  Methods.  Signals  seen  on  SRAP  only  (red  boxes!  as  opposed  to  the  one 
also  seen  on  control  (green  boxes)  reveals  the  specific  interaction  between  SRAP  and  a 
given  transcription  factor. 

Figure  5.  Both  endogenous  SRAP  and  transfected  SRAP-V5  associates  to  the 
chromatin.  MCT-7  SRA-V5  Iligh.A  cells  cross  linked  with  formaldrhyvie  were  lysed. 
DNA  was  precipitated  from  the  extrarts.  Proteins  associated  to  chromatin  were  eluted 
and  analyzed  by  Western  blot  analysis.  Chromatin  associated  protein  fractions  were 
analyzed  for  SRAP.  SP3  and  GAPDII  detection.  MCF  7  SRA-V5  High A  cell  lysate  was 
used  as  positive  control.  Chromatin  associated  proteins  fraction  from  MCF  7  SRA- V5 
Iligh.A  non  treated  cells  was  used  as  negative  ccmtrol. 

Figure  6.  SRAP  possesses  an  intrinsic  transcriptional  repressive  activity  sensitive  to 
TSA  treatment.  Ilela  cells  were  co- transfected  with  pGALVP16  (control).  pGALVP16 
SUP.  pG ALVP 1 6  SRAP.  or  pGALVPI6SRAP  SDMI/7  together  with  ga!4  luciferase 


reporter  vector.  and  corresponding  li*c iterate  activity  was  measured.  following  cell  ly viv, 
as  described  in  Material*  and  Methods.  Luciferase  activity  is  expressed  relative  to  the 
activity  in  cell*  transfected  with  pGALVP16  (control)  alone.  Bars  represent  standard 
deviation. 

Figure  7.  Immunoprccipit  ation  of  SRAP-V5  from  MCF-7cells  stul>l>  expressing 
SRAP-V5  results  in  precipitation  of  IIDAC  activity.  Cell  extracts  from  MCF-7  cells 
previously  stably  transfected  with  control  vector  (MCF  7c)  or  encoding  VS  lagged  SRAP 
(MCI7- 7  SRAP-V5)  were  immunoprecipitated  with  anti  V5  antibodies  <IPi  and  IIDAC 
activity  measured  and  expressed  in  arbitrary  unit  as  detailed  in  the  Materials  and  Methods 
section.  As  additional  control,  imnxmoprecipiation  of  MCF-7  SRAP  V5  was  performed 
in  parallel  with  corrpetitive  V5  peptide  <IP+  V5>. 


Figure  I  to  7:  please  w  attached  PDF  file. 


Tabic  I:  SRAP  interacting  proteins  involved  in  pnrtcin  biosynthesis. 


Symbol  Name 


EEF2 

E1F3S2 

EIF3S4 

E1F4AI 

EIF4GI 

RP1.6 

RP1.7 

RP1.8 

RP1.I4 

RP1.1S 

RP1.23A 

RP1.24 

RP1.27 

RPL3I 

RP1.32 

RPL35 

RPS10 

RPS14 

RPS16 

RPS18 

RPS2 

RPS26F 


Fukoxyotic  translation  elongation  factor  2 

Fukoxyotic  translation  initiation  l.xii>r  3.  subunit  2  beta.  36  kDa 

Fukaxyotic  translation  initiation  factor  3.  subunit  4  della.  44  kDa 

Fukixyotic  translation  initiation  factor  4A.  isotoern  1 

Fukixyotic  translation  initiation  factor  4  gamma.  1 

Ribosmial  pny.ein  L6 

Rtbosocnal  protein  L7 

Ribosmial  pny.ein  LS 

Ribosmial  pny.ein  LI4 

Ribosmi.il  pny.ein  LI 8 

Ribosocnal  pny.ein  1-2 3 A 

Ribosmi.il  pny.ein  L24 

Ribosmial  pny.ein  L27 

Ribosocnal  pny.ein  L_31 

Ribosmial  pny.ein  L32 

Ribosocnal  pny.ein  L35 

Ribosmi.il  protein  S10 

Ribosocnal  pny.ein  SI 4 

Ribosocnal  pny.ein  S16 

Ribosocnal  protein  SIS 

Ribosmial  pn*ein  S2 

Ribosmi.il  pnttein  S26F 


Table  II:  SRAP  interacting  protein*  involved  in  pnxein  degradation. 


CACYBP  Calcyclin  binding  protein 

PSMA2  Proteoiome  26S  subunit.ATP.isc.  alpha  type2 

PS  MCI  Proteoiome  26S  subunit.  ATPUsc.l 

PSMC5  Proteoiome  26S  subunit.  non-ATPase.S 

PSMD2  Proteoiame  26S  subunit,  non  ATPase.  2 

PSMD 1 1  Proteoiome  26 S  subunit,  non  ATPase.  1 1 

PSMD 1 2  Proteoiome  26S  subunit,  non- ATPasc.  1 2 

PSMD 14  Proteoiome  26S  subunit,  non  ATPase.  14 


Table  III:  SRAP  irttcratiing  protein*  involved  in  protein  transport 


Svmhol  Name 


ARFI  ADP  Ribovylaticn  factor  I 

ARCNI  Archainl 

COPE  Ccutomer  protein  complex,  sutxinil  epwlon 

SECI3L1  SEC  13  like  1 


Table  IV:  SRAP  interacting  chaperone  prolci 


Symbol  Name 

CCT3  Chaperonm  containing  TCP1 .  subunit  3  I  gamma  j 

CCT4  Chipcronin  containing  TCP  I .  subunit  4  I  delta  l 

CCT5  Chiperonm  containing  TCP1 .  >ubunit  5  l  epsilon  > 

CCTK  Chipcronin  containing  TCP  I .  subunit  8  l  theta  l 

CCT6A  Chipcronin  containing  TCPI .  subunit  6A 

I ISPAS  Heat  shock  70  kDi  protein  S 

I ISPA9B  Heat  shock  70  kDa  protein  9B 

IISPBI  Heat  shock  27  kDa  protein  1 

I ISP90AA I  Heat  shock  protein  90  kDa  alpha,  class  A  member  I 
I ISP90B I  Heat  shock  protein  90  kDa  beta,  member  1 


Table  V:  Protein  pcwvibiy  non  sprci  Heady  purified. 


Symbol  Name 

ACTB  Actio  beta 

ACTC  Actin  alpha 

ACTG2  Actin  alpha  2 

MLCISA  Myosin  ligth  chain  I  slow  A 

MYL6  Myosin  Light  polypeptid:  6.  Alkali,  smooth  muscle  and  non  rmiscle 

LMNA  Lanun  AAC 

TUBB2  Tubulin  beta  2C 

GAPDI I  Glycerakichyde  ^  phosphate  dehydrogenate 

G6PD  Glucose  6  phosphite  dehydrogenate 

LDIIA  Lactate  dehydrogenase  A 

LPRS  Glutamyl  prolyl  TON  A  svnthcthase 


Table  VI:  SRAP  interacting  protein* 


Symbol  Name 


CI40RF166 

CALM2 

CALK 

CNOT7 

CS  DA 

FASN 

GNB1L 

GOLGA2 

HICTIHIB 

I1ISTIHIC 

HISTIH4B 

HIST2H2AA3 

11.F3 

KIIDRBS1 

KIAA0552 

MARCKS 

MBD3 

MTHFD1 

NCL 

NPM1 

RUB 

POLR2C 

PPP1CA 

PRDX6 

PRKCSH 

SMARCBI 

SRA 

SYNCRIP 

TAFI5 

TSEN34 

YBX1 

YWIIAZ 


Chromosome  14  open  reading  frame  166 

Calmodulin  1 

Calrcticulin 

CCR4  NOT  transcription  comple  x 
Cold  shock  domain  protein  A 
Fatty  ^:id  synthase 

Gaunine  nucleotide  binding  protein.  beta,  polypeptide  1  like 

Golgi  autoantigen,  golgin  subfamily  A.2 

Histone  1.  Ill B 

Histooe  1.  HIC 

Histone  4.  family  2 

Histooe  2.H2AA3 

Ir/.eileukin  enhancer  binding  factor  3.  90  IOa 

KII  domain  containing.  RNA  binding,  signal  transduction  associated  1 

Myristolated  alanine  rich  protein  kinase  C  substrate 
Mcthyi  CPG  binding  domain  protein  3 

Methycnetctnhydrotolate  dehydrogenase  iNADP*  dependent  I  I. 

mcthenyltetrahydrofnlate  cyrlohydrolase.  formyltetr;ihydrofolate 

synthetase 

Nucleolin 

Nuclcopbosmm 

Pnxollagen  proline.  2  oxoglutarale  4  dioxygenase 
Polymerase  (RNA)  11  <DNA  directed)  polypeptide  C.  33  kDa 
Pn*cin  phosphatase  1.  catalytic  subunit,  alpha  isoform 
Peroxiredoxin  6 

Protein  Kinase  C  substrate  SO  K  II 

SWI/SNF  related,  matrix  associated,  actin  dependent  regulator  of 
chromosome 

Steroid  receptor  RNA  activator 

Synaptotagmin  bending,  cytpplosmic  RNA  interacting  protein 
TAF15  RNA  polymerase  11.  TATA  box  binding  protein  (TBP) 
associated  fartor  15 

TRNA  splicing  endonuclease  34  homolog  (S.  Cervisiae) 

Y  Box  binding  protein  1 

Tyrosine  3- monoox ygcnase/tnptophan  5  monooxygenose  activation 
protein 
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Abstract 


The  steroid  Receptor  RNA  Activator  (SRA)  has  originally  been  identified  as  a  non 
coding  RNA  able  to  co  octiv^e  steroid  receptors.  The  existence  in  multiple  tissues, 
including  breast,  of  SRA  RNAs  able  to  encode  a  protein  called  SRAP  has  now  however 
been  demonstrated.  This  protein,  as  opposed  to  its  RNA  counterpart  is  acting  as 
transcriptional  repressor  of  steroid  receptor  activity.  The  balance  between  these  two 
genetically  linked  entities  is  thought  to  be  regulated  by  alternative  splicing  of  intron- 1 . 
which  presence  alters  the  reading  frame  and  allow  the  compression,  in  breast  cancer 
cells,  of  bath  non-coding  and  coding  SRA  RNAs.  Herein,  wc  have  investigated  tbe 
possibility  to  alter  this  balaixe  toward  tbe  prodixtion  of  non  coding  SRA  RNA  by 
transfection  of  an  antisense  nxidified  oligonucleotide  which  reprograms  SRA  splicing 
events  toward  the  production  of  more  intron  1  retained  SRA  RNA.  We  first  established 
the  proof  of  prinrip&e  of  such  an  approach  using  a  minigene  strategy  and  demonstrated 
that  oligonucleotide  treatment  led  to  the  production  of  more  intron  1  alternatively  spliced 
RNA  in  T5  breast  cancer  cells.  The  resulting  decrease  in  coding  SRA.  assessed  by  real¬ 
time  PCR.  was  paralleled  by  a  decrease  in  SRAP  expression.  Interestingly,  tbe 
reprogramming  of  SRA  splicing  led  to  an  increase  in  th:  expression  of  urokinase 
plasminogen  activator  and  estrogen  receptee  beta  genes.  The  critical  role  of  these  two 
genes  in  invasion  processes  and  response  to  hormone,  respectively,  leads  us  to 
h)pothesixe  that  controlling  the  generation  of  non  coding  and  ending  SRA  RNAs  might 
provide  a  new  window  of  opportunity  to  fight  breast  cancer. 


Introduction 


The  S  Ur  mid  Receptor  RNA  Activator  l  SRA)  was  first  identified  in  1999  a*  a  non  coding 
RNA  acting  as  a  specific  co  activator  of  steroid  receptors  (lunx  ct  al..  1999).  In  this 
original  report,  several  untranslatable  isofarms  sharing  a  central  core  region  but  different 
in  their  5*  and  3’  extremities  were  identified.  Through  imitation  analysis,  the  authors 
unequivocally  showed  that  the  common  core  region,  corresponding  to  sciences 
cncom  pas  sing  from  exon  2  to  cxcei-5  <Fig.  1).  was  necessary  and  sufficient  for  these 
RNAs  to  act  »  co  octiv  ^ors  iLon/  et  ol..  1999 1.  Several  studies  have  now  been  published 
shedding  Ixchc  on  SRA  mechanisms  of  action.  It  is  now  believed  that  SRA  acts  embedded 
in  ribomicleo  protein  complexes  possibly  recruited  at  the  promoter  of  regulated  genes. 
These  complexes  may  contain  positive  regulators,  such  as  the  steroid  receptee  co- 
activate!  1  < SRC-1.  (Lara  ct  al..  1999;  Wotanabc  ct  al..  2(01:  Hatchell  et  al..  2006)). 
DExD/ll  box  family  of  RNA  hclicasc  members  p6K  and  p72  fWatanabe  et  al..  2001; 
Caretti  et  al..  2CK16).  or  pseudouridine  synthases  Puslp  and  Pus3p  l Zhao  et  al..  2004: 
Zhao  et  al..  2006).  Negative  regulators,  such  as  SMRT/HDACI  Associated  Repressor 
Protein  tShaip.  (Shi  el  al..  2001;  Hatchell  et  al..  2006))  and  the  recently  identified  SRA 
stem- loop  interacting  RNA  binding  protein  (SLIRP.  (Hatchell  ct  al..  2006))  also  form 
complexes  with  SRA  and  modulate  its  activity.  Specific  secondary  structural  motifs  of 
the  core  (l.anx  et  al..  2002).  which  participate  to  the  formition  of  these  complexes 
t  Hatchell  et  al..  2006).  hive  now  been  identified.  Pseu&iundylalim.  a  common 
noncoding  RNAs  post  transcriptional  modification  consisting  in  the  isomeri/atiem  of 
specific  undine  residues  (U)  to  pseudouridine  <H*l  I  Chare  Uc  &  Gray.  2(HXI:  Ferre- 
DAmarc.  2003).  was  also  found  to  regulate  SRA  co-activator  properties  l Zhao  et  al.. 
2004;  Zhao  el  al..  2006). 

If  SRA  was  originally  thought  to  specifically  co-artivate  steroid  receptors,  further  data 
have  now  shown  that  this  RNA  is  also  co  activating  non  steroid  nuclear  receptor* 
including  the  Retinoid*  Acid  -  Receptor  iRAR.  (Zhao  et  ol..  201X1:  Zhao  et  al..  2006))  and 
the  thyroid -receptor  <TR  al-pi.  (Xu  &  Koenig.  2001.  2005:  Hatchell  el  al..  2006)).  as 
well  as  other  transcription  factors  such  as  MyoO.  a  transcription  factor  participating  to 


skeletal  myogenesis  (Caretti  et  al..  2006).  Altogether.  SR  A  hat  a  wider  than  first 
anticipated  role  and  it  likely  to  participle  to  several  signalling  pathways  still  to  be 
uncovered. 

Several  ceding  SRA  isofoems  have  now  been  identified,  which  arc  either  similar  to  the 
original  SRA  sequence  from  exon-2  to  exon-5  iSRAl).  or  contain  point  mutations  in 
exon- 3  (SRA2)  or  exon-3  (SRA 3)  (sec  Fig.l  and  (Embciicy  el  al..  2(103)).  All  these 
isofixms  contain  an  exon-1  extended  in  its  5‘- extremity  and  containing  initiating 
rrathionine  codons  (Fig.l).  It  is  important  to  note  that  these  coding- RN As.  containing  a 
full  core  (from  exon-2  to  exon  5).  arc  therefore  theoretically  alsi>  ;Me  to  act  as  co- 
xtivatccs.  These  coding  SRAs  have  now  been  shown  to  lead  to  the  production  of  an 
endogenous  SRA  protein  (SRAP)  in  several  tissues  including  breast,  prostate  and  nwisclc 
fEmberley  et  aL  21X13;  Choonicdass  Kothari  ct  al.  2004;  Oiooniedass  Kixhan  et  al.. 
2006;  Kurisu  et  al..  2CKI6).  Even  though  the  cut  functions  of  SRAF  remain  to  be 
elucidated,  it  has  been  proposed  that  this  protein  might  also  regulate  steroid  receptor 
signalling,  cither  as  co  activator  (Kawashima  ct  al..  2003;  Kurisu  et  aL  2006).  or  as  a 
repressor  (Chooniedass  Kothari  et  aL  2006:  Chooniedass  Kothari  S..  2()06bl. 

We  haw  recently  identified  mtion  1  retention  as  a  possible  mechanism  participating  to 
the  generation  of  tiding  and  non  tiding  SRA  RNAs  (llubc  et  al..  2006).  We  haw  indeed 
shown  that  fully  spliced  SRA  transcripts  co-existed  in  breast  cancer  cells  with  transcripts 
containing  a  full  (FI)  cc  partial  (resulting  from  the  use  of  an  alternative  3’  acceptor  site 
located  60  bp  upstream  of  exon-2:  PI  )  intron- 1  sequence  (Fig.l.  non  coding).  Transcripts 
corresponding  to  an  altcrnatiw  5*  donor  site  (located  15bp  upstream  of  the  end  of  exon- 1) 
and  the  alternative  3’  acceptor  site  haw  also  been  identified  (AD).  "Hicse  alternative 
splicing  events,  which  either  shift  the  SRAP  open  reading  frame  or  irxroduce  premature 
stop  codons.  make  these  isofeems  unable  to  encode  for  SRAP  but  do  nix  affect  their 
transcriptional  co- activator  function  as  the  core  sequence  remains  irrtact. 

SRA  l  gene  provides  a  very  intriguing  example  of  a  gene  that  encodes  poxlixts  functional 
both  at  the  RNA  and  protein  levels.  How  such  a  hi -faceted  and  intrinsically  linked 
genetic  system  is  regulated  remains  Largely  unexplored.  Similarly .  no  studies  have  yet 


investigated  how  the  balance  between  coding  and  non  coding  SR  A  RNA  cixild  be 
altered.  In  the  present  study.  we  aimed  to  shift  the  relative  proportion  of  SRA  transcripts 
towards  more  non-coding  SRAs  via  promoting  an  increase  in  the  level  of  intron  1 
retention  using  a  modified  oligonucleotide  strategy. 


Results 


Altering  intron  1  splicing  events  in  artificial  SRA  mini  gene  transcripts  using 
modified  anti-sense  oligonucleotides. 

Reprogramming  splicing  events  through  transfection  of  modified  antisense 
ofigoribonucleosides  targeting  exon  intron  junction  has  been  successfully  achieved  in 
different  systems  (Mercatante  et  al..  2001a:  Mercatante  et  al..  2001b;  Mercatante  &  Kole. 
2002).  To  establish  the  proof  of  principb:  that  such  an  approach  might  be  suitable  to  alter 
SRA  intron  1  splicing  events,  we  used  a  previously  described  artificial  mini  gene  <  I  lube 
et  al..  2006j  consisting  of  a  portion  of  a  modified  figtabin  gene,  encompassing  two  exons 
flanking  a  constitutively  splice  able  inlnvn  (IXiminsIci  A:  Kole.  1991:  Xie  et  al..  2005k 
fused  to  SRA  l  exon  1  -intnwi- 1 -exon  2  sequence  fFigJZ).  Two  different  2* -O  methyl 
modified  anti  sense  oligoribonucleoside  phosphornthioatc  20-mcrs  were  designed  to 
recognize  the  splice  donor  sites  of  (1  glohin  tjigl  AS>  and  SRA  introns  i SRA  AS).  In 
principle.  |lgl-AS  and  SRA  AS  were  expected  to  increase  tbe  proportion  of  mini-gene 
transcripts  with  (f  glohin  mtron  retention  and  SRA  intron  1  retention,  respectively. 

SRA  AS  and  0gl*AS  oligos  were  first  tested  fer  their  ability  to  enter  cells.  Cells  chosen 
consisted  in  T5  breast  cancer  cells,  previously  shown  to  express  low  level  of  endogenous 
SRA  RNAs  retaining  intron  1  1 1  lube  et  al..  2<)06j.  Cells  were  treated  os  described  m  tbe 
Materials  and  Methods  section  with  increasing  concentrations  of  SRA  AS  and  Jigl-AS 
conjugated  with  tbe  floorophorc  Indocarbocyanine  <SRA  AS-Cy3)  and 
carboxyfiuixocein  <|lgl-AS  TAMk  respectively  <Fig.3A|.  Twenty  four  hours  post 
transfection,  direct  fluorescent  microscopy  on  formaldehyde  fixed  cells  indicted  that 
most  of  tbe  observed  tlucxx*  scent  signals  were  concentrated  in  nuclei  as  indicated  by  co- 
labelling  with  4*.  6  diamidino  2  phenyl  indole  tDAPl).  Cytoplasmic  localization  and 
distinct  fiuoresccrtf  granules  at  the  periphery  of  nuclei  were  also  observed.  At 
concentrations  lower  than  O.SpM.  sub  optimal  transfection  efficiencies  were  achieved. 
Nevertheless.  100%  transfection  efficiency  was  invariably  observed  when  either  O.SpM 
of  SRA  AS  C\3  or  pgl  ASFAM  oligo  was  used. 


To  determine  to  what  extent  the  fluorophore  conjugated  oligos  persisted  in  T5  cell*.  time 
course  experiments  were  performed  as  described  in  Ntaerials  and  Methods  T5  cells  were 
treated  with  O.S>iM  SRA  AS  Cv3  or  Pgl  AS-FAM  oligos.  and  fluorescent  micrographs 
were  taken  at  I:  24  h.  48  h  .  and  72h  (Fig.3B).  As  expected,  at  t:  24h.  T5  cells  had  robust 
fluorescent  nuclei  signals,  corresponding  to  SRAASCy3  or  Pgl  AS-FAM:  however, 
the  proportion  of  cells  and  overall  intensity  of  signal  within  individual  cells  decreased 
over  time.  Together  these  results  suggest  that  SRA  AS  Cy3  and  Pgl  AS  FAM  are 
similarly  erttcring  and  retained  into  T5  cells. 

To  test  whether  the  chosen  oligos  could  indeed  modify  the  splicing  of  transcripts 
produced  from  the  SRA  -jtyjohin  mini  gene.  T5  breast  cancer  cells  were  co- transfected 
with  a  fixed  amount  of  mini  gene  and  increasing  concentrations  of  either  SRA  AS  or  pgl 
AS  oligos  as  described  in  Material  and  Methods.  Total  RNA  was  extracted  at  t:  24h  and 
following  reverse  transcription,  tfo:  relative  proportion  of  each  mini  gene  transcripts 
estimated  by  PCR  co  amplification  using  upper  and  lower  primers  recognizing  the  first 
exon  of  p-globin  and  the  end  of  SRA  exon  2  mini  gene,  respectively.  A  dose  dependent 
increase  in  the  proportion  of  mini  gene  transcripts  retaining  SRA  intron  1  was  observed 
upon  SRA  AS  treatment  <Fig.4A».  At  the  highest  concentration  of  SRA  AS  used 
(0.5pM>.  a  -6* fold  increase  in  the  relative  proportion  of  SRA  intron- 1  retention  was 
achieved  lFig.4A  B>.  Treatment  of  cells  with  pgl  AS  simiLirly  increased  the  level  of  p 
globcn  intron  retention  in  transcripts  originating  from  the  mimgenc  iFig.4A-C).  These 
data  provided  proof  of  principle  that  SRA  AS  oligo  has  indeed  the  ability  to  promote 
SRA  intron  1  retention  in  the  artificial  mini  gene  transcripts. 

The  proportion  of  endogenous  SRA  transcripts  retaining  intron- 1  is  increased 
following  treatment  of  T5  cells  with  SR  A- AS. 

To  further  determine  if  the  introduction  of  SRA  AS  could  also  alter  the  balance  of 
endogenous  coding  and  non  coding  SRA  RNAs.  a  similar  dose  response  experiment  was 
performed  and  the  proportion  of  SRA  intron- 1  retention  assessed  by  triple  primer  PCR 
(TP  PCR>  as  described  in  the  Materials  and  Methods  section  (Fig.Sf  The  TP- PCR  assay 
used  to  assess  th;  balance  between  fully  spliced  and  intron  1  retaining  SRA  transcripts 


(Fig.5A)  has  successfully  been  used  and  validated  to  assess  the  relative  proportion  of 
transcriffts  sharing  a  common  extremity  but  differing  in  the  other  (Levgue  ct  ol..  1996: 
Lcygue  et  al..  1999a:  Hubc  et  al..  20Cfc).  This  approach  allows  the  co-amplification  of 
two  single  hands,  migrating  at  an  apparent  si/e  of  377  bp  and  360  bp.  corresponding  to 
non  coding  (FI.  PI  and  AD.  Fig.2j  and  coding  (fully  spliced.  FSl  SRA  iFig.SA  B>. 

A  dose  dependent  shift  towards  more  intron- 1  retention  in  T5  cells  when  treked  with 
SRA  AS  was  observed  (Fig.SB).  At  the  highest  concentration  tested  of  0.5pM.  which 
corresponded  to  a  1(10%  transfection  efficiency  <Fig.3).  SRA  AS  led  to  an  ^iptoximitc  3 
folds  increase  in  the  relative  amount  of  intron- 1  retention  (Fig. SB.  l-ane  4).  as  compared 
to  mock  transfected  control  <Fig.5B.  Lane  1).  As  expected,  no  effect  was  observed  on  the 
proportion  of  intron  1  retaining  endogenous  SRA  RNAs  when  transfecting  cells  with 
similar  amount  of  pgl  oligos  (Fig-5B.  Lane  S-7j.  Pgl  oligonucleotides  have  therefore  been 
used  as  negative  controls  in  the  subsequent  experiments. 

lasting  increase  in  the  proportion  of  intron*  1  retaining  SRA  transcripts  in  T>  cells 
treated  with  of  O.S^M  SRA-AS. 

To  establish  bow  long  the  increase  in  intron  1  retention  upon  treatment  with  SRA  AS 
lasted,  time  course  experiments  were  performed  as  described  in  Materials  and  Methods. 
T5  cells  were  treated  with  no  oligos  (Mock)  or  with  0.5pM  SRA  AS  or  pgl  AS  oligos. 
and  the  relative  expression  of  alternatively  spliced  SRA  RNAs  assessed  by  TP-PCR  at  t: 
24  h.  4xS  h.  and  72h  (Fig.6).  As  expected,  a  significant  increase  (2.5  fold.  pcO.OS. 
Student  s  t  test)  in  relative  intron  I  retention  was  observed  at  t:  24h  upon  SRA  AS 
treatment  (Fig.6,  line  4k  A  maximal  3.5  fold  average  increase  in  the  relative  level  of 
intron  1  retention  was  observed  at  t:  4$  hours  (Fig.6.  Lone  5 >  over  that  observed  for  time 
nutched  mock  transfected  cells  (Fig.6.  Lane  2k  This  effect  is  maintained,  albeit 
decreased  at  t:  72  hours  when  levels  of  intron  1  retention  have  returned  to  that  of  >umplcs 
at  t:  24h.  I  Fig.6.  compare  lanes  4  and  6k  As  expected.  Pgl- AS  oligos  transfection  hid  no 
effect  in  promoting  endogenous  SRA  intron  1  retention  in  T5  cells  < Fig.6.  lanes  7-9). 


Increased  relative  expression  of  non*cndinc  SRA  transcripts  corresponds  to  both  an 
increase  in  intron*  I  containing  SRA  R.NAs  and  a  decrease  in  the  lex  els  of  fully 
spliced  SRA  RNA. 

To  clarify  whether  the  relative  increase  in  non  ending  SRA  RNAs  expression  observed 
by  TP  PCR  resulted  from  an  increase  in  intron  1  retaining  RNA.  a  decrease  in  fully 
spliced  RNA  or  both,  we  assessed  the  expression  of  these  SRA  RNAs  by  real  time  PCR 
as  described  in  the  Materials  and  Methods  section.  T5  cells  were  treated  with  no  oligos 
l Mock  l.  SRA  AS  or  Pgl -AS  oligos  and  following  amplification  with  a  lower  peimer 
annealing  in  exon  3  and  upper  primers  annealing  with  intreei  1  or  exon  l .  percentage 
nxtditic.it ions  in  the  level  of  intron  1  retailed  or  fully  spliced  quantified  at:  24h  Four 
experiments  were  performed  and  the  average  modifications  calculated  lFig.7).  A 
significant  <p<<).05.  Student's  t-testj  average  increase  of  90%  {corresponding  lo  a  ACT  of 
0.92)  in  the  expression  of  SRA  intron  1  retaining  was  observed  in  cells  treated  with  SRA 
AS  as  compared  to  mixk  transfection.  Inversely,  a  significant  decrease  of  TXKv 
(corresponding  to  a  ACT  of  1.82)  in  fully  spliced  SRA  RNA  expression  was  observed. 
As  expected,  no  effect  of  pgl  AS  oligos  on  either  intron  I  retaining  or  fully  spliced  SRA 
levels  xvas  observed. 

Fluorophurc  conjugation  dors  not  alter  SR  A- AS  effect. 

Since  oligctt  used  to  monitor  transfection  efficiency  and  those  used  to  shift  tfo:  balance 
coding/non  coding  SRA  RNAs  towards  increased  non  coding  SRA  isoforms  arc  not 
identical  per  sc  fie. one  set  is  conjugated  to  a  fluocophore).  we  were  also  intended  to 
determine  whether  SRA  AS  Cy3  would  have  a  similarly  effect  no  SRA  intron  1  retention 
in  T5.  T5  cells  were  treated  with  either  no  oligos,  0.5pM  SRA  AS  Q3  or  0.5  pM  pgl 
AS' TAM  oligos,  total  RNA  was  extracted,  reverse  transcribed  and  analyzed  by  TT  PCR 
at  t:  24  h  as  described  in  Materials  and  Methods.  An  overall  2.5-fold  increase  in 
endogenous  intron- 1  retaining  SRA  RNAs  was  obserxed  when  transfecting  with  SRA 
AS-Cy3  but  not  pgl  AS-FAM  oligos  <Fig.8).  This  2.5  fold  increase  corresponded  to  the 
one  obserxed  when  non  fluorescent  SRA  AS  oligo  were  used  <Fig.6).  Altogether  these 
data  suggest  that  tluorophore  conjugation  does  nc<  affect  the  splice  switching  functiixi  of 
the  oligos  used  in  this  study. 


Decrease  of  endogcnoaft  SRAP  in  T5  and  MCF7-S1S1  cells  treated  with  Oi|iM  SRA* 
AS. 

To  test  whether  nullifying  the  balance  between  coding  and  non  coding  SR  A  informs 
affected  the  steady  Kate  levels  of  SRAP.  we  first  transfected  T5  cells  with  either  SR  A  AS 
or  Pgl-AS  and  analyzed  total  protein  cell  lysates  by  Western  blot  using  anti  SRAP 
antibodKs  os  described  <Fig.9A).  Results  indicate  a  modest  drcrcase  in  endogenous 
SRAP  levels  at  t:  24  hours  past  treatment  with  SR  A  AS.  This  effect  however  becomes 
much  more  pronounced  at  t:  4Kh  and  72h.  No  change  in  SRAP  levels  was  observed  in 
Pgl-AS  transfec  ted  samples. 

A  similar  experiment  was  performed  on  MCF7-S151  bee  as  t  cancer  cells,  which  have 
previously  been  stably  transfected  with  a  cDNA  construction  expressing  SRAP  V5 
tagged  protein  (Embcrley  et  al..  2003:  Onxiniedass  Kothari  et  al.  2CK16).  Western  blot 
analysis  shows  that  thrssc  cells  express  bc*.h  endogenous  and  transfected  pattern  (Fig.9B>. 
A  -50ri  reduction  of  the  expression  of  endogenous  SRAP.  relative  to  exogenous  (SRAP 
VS>.  is  observed  in  cells  treated  with  SRA  AS  but  not  in  Mock  or  PglAS  transfected 
cells  (Fig.9B>. 

Modulation  of  the  balance  coding,  non-coding  endogenous  SRA  RNAs  alters  gene 
expression  in  T5  breast  cancer  cells. 

To  establish  whether  the  alteration  of  the  balance  coding/non  coding  SRA1  RNAs 
impacts  on  gene  expression,  total  RNA  from  T5  cells  transfected  with  O.SpM  SRA  AS  or 
control  pgl  AS  oligos  was  analyzed  at  t:  24h  by  real  time  quantitative  PCR  using  a  Breast 
Cancer  and  Estrogen  Receptor  Signaling  RT2  Profiler™  PCR  Array.  Four  independent 
experiments  were  performed  as  described  in  the  Materials  and  Methods  section.  The 
expression  of  56  genes  was  evaluated  in  cells  treated  with  SRA  AS  and  pel  AS  oligos 
and  differences  in  expression  assessed  using  the  Student's  t  test  (see  Table  2  for  a  full 
description  of  the  genes  assessed  and  the  results  obtained  i.  Expression  of  five  genes  was 
significantly  increased  (Fig.IOj.  A  strong  increase  in  the  expression  of  the  urokinase 
plasminogen  activator  PLAU  (ACt  =  2.87.  corresponding  to  a  729'*  expression  compared 
to  the  control),  gene  intximtely  linked  to  invasion  mechanisms  (lion  et  al..  2005)  os  well 


as  estrogen  receptor  beta  tACt  =  1.73.  corresponding  to  a  331  ft  expression  compared  to 
the  control)  was  observed.  Similarly,  expressions  of  Stanniocalcin  2  (STC2>.  the  vascular 
endothelial  growth  factor  (VEGF)  as  well  as  Thrombospondin  1  ITIIBSI)  were 
significantly  increased,  even  though  to  a  lesser  extend. 


Discussion: 


Herein  we  hive  demonstrated  that  ihe  balance  between  fully  spliced  and  intronl 
alternatively  spliced  SRA  RNAs  can  be  artificially  tipped  in  breast  cancer  cells  toward 
the  (reduction  of  more  non  coding  SRA  RNA  through  introduction  of  modified 
oligonucleotides.  complementary  to  tfo:  junction  excel-  Isiniron  1. 

The  approach  consisting  in  masking  danor  or  acceptor  splicing  sites  with  modified 
oligonucleotides,  has  successfully  been  used  by  many  different  groups  to  redirect  splicing 
events  involving  specific  target  RNAs  (Karras  et  al..  20(10;  Kalbfuss  et  al„  2001:  Mann  el 
al..  2001:  Mercatante  et  al..  2(»la:  McClorey  et  aL.  2CKI6:  Vickers  et  aL.  2CKI6:  Harding 
et  al..  2007:  Khoo  et  al..  2007).  Such  an  approach  presents  several  advantages.  As  an 
anti-sense  method,  it  beneftfs  from  the  fact  that  2*  O  modified  leither  methyl  ce  nvthoxy 
ethyl  I  oligoribonudeotide  phosphorothioates  bind  to  pee  mRNA  target  sequences  in  vivo 
with  high  specificity  (Stein.  1997)  but  do  not  form  RNase  11  competent  RNA 
oligonucleotide  hybrid  complexes.  Therefore,  unlike  man  classical  anti  sense 
oligonucleotides  techniqurs  that  result  in  mRNA  degradation,  these  modified  anti  sense 
oligos  do  not  affect  RNA  stability  but  rather  serve  as  negative  regulators  through 
masking  splice  recognition  sequences  thereby  preventing  recruitment  of  splicing  factors. 
Applied  to  the  endogenous  SRA  RNA  population,  which  ultimately  consists  in  fully 
spliced  coding  and  intronl  alternatively  spliced  non  ceding  species,  this  strategy  allows 
to  reprogram  the  fate  of  immature  RNAs  toward  the  production  of  more  non  coding 
RNAs.  Reprogramming  endogenous  RNAs,  as  opposed  to  introdixing  exogenous  non 
coding  RNAs  under  the  control  of  artificial  promoter  such  as  the  Cytomegalovirus 
promoter  (CMV).  presents  an  obvious  advantage  to  irtferrogate  physiological  balance 
modifications  Treatment  of  cells  with  SRA  AS  oligonucleotides  allowed  the  relative 
introo  1  retention  lewis  to  increase  by  a  fseter  of  2.5  folds.  This  increase  is  very  similar 
to  the  difference  previously  observed  (2  folds)  between  MDA  MB  468  invasive  breast 
cancer  cells  and  T5  non  invasive  breast  cancer  cells  (Hub:  et  al..  2006).  Thus  confirms  the 
suitability  of  this  approach  to  alter  the  balance  coding/non  coding  SRA  RNAs  in 
physiological  proportion.  Altogether,  the  approach  used  appears  adequate  for 


reprogramming  the  balance  coding/non  coding  SRA  RNAx  toward  different 
physiological  level*  obsend  in  the  various  cell  lines  previously  characterized. 

We  have  observed  that  flucffesccnt  oligonucleotides  had  a  similar  effect  on  altering  SRA 
splicing  as  compared  to  non  fluorescent  molecules.  Hie  possibility  to  label  such 
oligonucleotide*  with  fluorescent  tag  allow*  the  quick  assessment  of  transfection 
cfficicoiv  and  individual  identification  of  transfected  cells.  This  later  property  could  also 
allow  subsequent  co  labelling  expennx*nts  aiming  at  assessing  whether  transfected  cells 
are  indeed  the  oocs  expressing  more  ce  less  of  a  given  genes  identified  by  other  means 
(such  as  real  time  PCR  or  Western  blot>  as  differentially  expressed  under  oligonucleotide 
treatment. 

We  showed  that  the  increase  (2.5  folds i  in  tlx*  relative  amount  of  intron- 1  retained  SRA 
RNA  as  assessed  by  TP  PCR  corresponded.  using  real  time  PCR.  to  an  absolute  increase 
of  -90%  of  this  transcript  and  a  -70%  dcicasc  of  fully  spliced  SRA  RNA  (Pig.7>.  As 
expected,  the  decrease  in  coding  SRA  RNA  resulted  in  a  decrease  in  endogenous  SRAP 
levels  detected  by  Western  blot  <Fig.9Aj.  To  further  establish  w  hether  the  action  of  SRA 
AS  *xi  SRAP  level  was  indeed  mediated  through  modulation  of  splicing  events  and  not 
through  other  mechanisms  such  as  translation  inhibition  we  investigated  the  effect  of  this 
oligonixleotide  on  cells  expressing  both  endogenous  and  exogenous  fully  spliced  SRA 
RNA.  MCP?  SI 5 1  cells  have  indeed  previously  been  engineered  to  stably  express  a  V5- 
cpitipc  tagged  SRAP  (SRAP-V5)  from  an  expression  vector  corresponding  to  fully 
spliced  SRA  cDNA  <I:mberiey  et  al..  2003;  Choonicdass  Kothiri  et  al..  21X14 >  As  such, 
two  populations  of  SRAP  coding  mRNA*  exist  within  these  cells:  an  exogenous  ok, 
fully  spliced,  of  plasmid  origin  coding  for  SRAP  V5:  and  an  endogenous  one.  which  has 
to  be  fully  spliced  by  the  splicing  machinery  to  produce  the  endogenous  SRAP.  Sirxe  the 
oligos  were  designed  sixh  as  only  3  nucleotides  fall  within  intron  l  (the  remaining  17 
nuclcoti&s  fully  aligns  with  3*  extremity  of  exon*  I  >.  the  hybridization  efficiency  of  SRA 
AS  to  exogenous  V5  SRAP  mRNA  i>r  endogenous  coding  fully  spliced  SRAP  mRNA  is 
likely  to  be  the  same.  Therefore  if  SRA- AS  acts  as  translation  inhibitor  or  as  frame-shift 
inducer,  we  would  expect  a  similar  decrease  in  V5-SRAP  levels  upon  SRA  AS  treatment. 
Only  a  decrease  in  endogenous  SRAP  levels  cccur  4K-72K  post  treatment  with  O.SpM 
SRA  AS  <Fig.9).  while  exogenous  V5  SRAP  levels  remains  unaffected.  This  data 


supports  the  notion  that  indeed  the  decrease  of  SRAP  results  from  a  spike  switching 
artion  of  SR  A  AS  oligonucleotide. 

Among  th*r  genes  whose  expression  was  modified  upon  SRA  AS  oligonucleotide 
treatment  figured  Pl.AU.  the  urokinase  plasminogen  Activator  also  called  uPA.  known, 
through  the  activation  of  several  metalloproteinase,  to  play  a  critical  role  in  the 
development  of  nxrtastascs  (Duffy.  21X14;  Han  et  al..  21X15 >.  It  is  interesting  to  note  that 
we  have  previously  reported  that  invasive  MDA  MB  231  and  .VIDA- MB -468  breast 
cancer  cells  expressed  significant  mote  SRA  RNAs  retaining  intron  1  than  non  invasive 
MCI7  7.  T47D  or  T47D  cells,  whereas  the  more  normal*  MCF-10A1  hreast  cell  line 
expressed  the  lowest  relative  level  of  SRA  intron  l  RNA  <llube  et  al..  2<X16>.  This 
suggested  that  a  balance  ’tipped*  toward  the  production  of  non-coding  SRA  I  RNA  in 
breast  cells  might  affect  growth  andOr  invasion  properties.  Altogether,  these  observations 
elude  to  the  fact  that  non  coding  SRA  RNA.  through  the  over  expression  of  genes  such 
as  PLAU.  might  there  fere  directly  participate  to  the  establishment  of  an  invxsive 
phenotype  in  breast  cancer  cells.  Further  studies  are  needed  to  ccrrobor^e  this 
hypothesis. 

We  observed  a  strong  increase  in  1:SR2  expression  upon  SRA  AS  treatment.  (:SR2.  also 
known  as  estrogen  receptor  beta,  is  believed  through  nuxlulation  rsf  the  response  to 
endogenous  estrogens,  to  participate  in  the  mechanisms  undeilying  breast  tumorigenesis 
and  tumor  progression  (Murphy  et  al..  2003;  Imamov  et  al..  2005:  Saji  el  al..  2005: 
Murphy  &  Watson.  2006).  l:SR2  expression  has  been  previously  shown  to  be  up 
regulated  by  estrogens  in  breast  cancer  cells  expressing  estrogen  receptor  alpha 
(Cappellctti  ct  al..  2003).  Similarly,  the  expression  of  three  other  genes.  Stanniocalcin  2. 
Vascular  endothelial  growth  factor  and  Thrombospondin  1.  known  to  be  up  regulated  by 
estrogens  in  MCT  7  breast  cancer  cells  (Ghosh  et  al..  20(0:  Frasor  et  al..  2003k  was  also 
increased  in  our  e.xpcrimcrtfs  when  T5  cells  were  treated  by  SRA* AS.  Non  coding  SRA 
RNA  is  a  co- activator  of  estrogen  receptor  alpha  (lunx  et  al..  1999:  Cavarretta  ct  al.. 
21X12;  Deblois  A  Giguere.  2003)  and  T5  cells  contain  this  receptor.  It  is  therefore  not 
surprising  that  the  expression  of  such  target  genes  is  modified  upon  treatment  with  SRA 
AS.  which  leads  to  the  pnxluction  of  more  non  coding  SRA  RNAs.  However,  a  possible 
effect  of  the  concurrently  observed  decrease  in  SRAP  protein  level  (observed  by  Western 


blot >  cannot  be  excluded.  Indeed,  we  have  recently  preposed  that  SRAP  itself  might 
participate  in  regulating  estrogen  receptor  signaling  in  breast  cancer  cells  (CTmonKdass 
Kothari  et  ail  ..  2006;  Choonicdass  Kothari  S..  2CK»6b.  a>.  Further  studies  are  needed  to 
establish  the  respective  participation  of  SRA  RNA  and  SRAP  in  the  mechanisms  leading 
to  tlx  over  expression  of  the  genes  mentioned  above. 

The  full  sequencing  of  the  human  genome  has  led  to  a  renewed  awareness  of  alternative 
splicing  events.  Indeed,  originally  thought  to  possibly  result  from  "hiccups"  of  the 
splicing  machinery,  these  events  have  now  been  shown  to  be  highly  ccnlrolled  and  to 
introduce  a  new  layer  of  complexity  in  the  regulation  of  gene  expression  I  Brett  ct  al.. 
2002;  Modrek  3c  Lee.  2002:  Roberts  3c  Snuth.  2002:  Lcmischka  &  Pritsker.  2006). 
Strategies,  aiming  at  favixing  the  production  of  a  given  splice  variant  are  currently 
developed  and  proposed  as  new  therapeutic  tools.fPixtaraju  et  al..  1999;  Mercatante  et  a!.. 
2001a;  Mercatante  el  al..  2001b:  Mercatante  3c  Kolc.  2002;  Mansfield  et  al..  2003; 
Mansfield  et  al..  20<U:  Garcia  Blanco.  2005:  Hagiwara.  2005:  Wilton  &  Belcher.  2005; 
Yang  &  Walsh  2005:  Hayes  ct  al..  2006). 

Herein,  we  have  shown  that  the  balance  codingfaon  coding  SRA  RNAs  could  be  altered 
through  the  use  of  modified  oligonucleotides  in  breast  carxcr  cells.  This  led  to  a  change 
in  expression  of  genes  such  as  PLAU  and  I:SR2.  likely  to  have  an  impoitant  impact  on 
two  critical  aspects  of  breast  cancer  cell  phenotypes,  nanxly  invasion  and  response  to 
estrogen.  Additional  studies  are  needed  to  characterize  tlx*  phenct^pc  modifications  of 
cell  upon  oligomxlcotide  treatment  and  establish  whether  modifying  SRA  spiking  events 
might  lead  to  establishing  new  breast  cancer  treatments. 


Material  nod  Method* 


Cell  culture 

T5  hreast  cancer  cell  line  was  kindly  provided  hy  Dr  LC  Murphy  tCoutts  ct  aL,  1996) 
and  MCF-7  stably  transected  with  pCDNA  3.1  SRAP-V5  Hi*  (MCF.7.SI51)  were 
previously  described  lEmbcrtcy  ct  aL,  2003 j.  All  cells  wen  cultured  in  DMEM  tGIBCO. 
Grand  Island,  NY)  medium  supplemented  with  S*$  fetal  bovine  serum  (CANSERA, 
Reulale.  ONk  penicillin  1 100  uniu»'mlj.  streptomycin  <  100  pg/rol)  tGIBCO.  Grand 
Island.  NYl.  and  0.3*3-  glucose.  Cells  weir  grown  in  a  37'C  humidified  incubator  with 
5*  CO:. 

Olignnudtotidc  Treatment 

2*  0  Methyl  oliconbonixlcosid;  pbosphorothioate  21)  mers  anti  sense  to  the  5*  splice  site 
of  SRA  intnio  1  i  SR  A  AS.  ACCCGGCUUCACGUACAGCV)  and  to  the  S-spbce  site  of 
a  modified  p-glohio  inansn  t|*gl  AS.  ACCUGCCCAGGGCCUCACCA*.  as  well  as 
fluontphorc  conjugated  vcniocu  of  the  afoicmentiroed  oliccnbonoclcotiiirs  were 
svnthrsi/rd  and  punlicd  by  Trilink  Biotechnologies.  Inc.  tSan  Diego.  CAl. 
Oligonucleotides  were  transfected  into  cells  with  DMRIEC  reagent  |lh  pgg/ml: 
In\itmeen>  according  to  the  manufacturer's  directions  at  the  concentrations  indicated  in 
the  figuics.  Flic  hour*  |xist- treatment,  transfection  medium  was  replaced  with  fresh 
ttvdium.  and  cells  were  cultured  for  the  indicated  times. 

I  nr  oli^onudiotuk  and  mini^mc  cotrnnsfeclinn.~src  Jimin 

llunrrsecnl  Mirrnscnpv 

Cells  weic  cultured  «n  cover  slips  arvl  transfected  with  fluorupborc -conjugated 
oligonucleotides  at  the  indiculsd  concentrations  and  tunes  jxist- treatment.  Cosersbp* 
weir  then  briefly  washed  with  PBS  and  cells  were  fixed  with  3.7*3  formaldehyde  in  PBS 
for  15  minulc.%  at  muni  tcmperatuic.  Caverilipi  were  then  rinsed  with  PBS  and  cells 
permeahiH/ed  with  0.2*.V  Triton  XI (10  in  PBS  for  1-2  minutes  prior  to  staining  nuclei 
with  Ipp'ml  J'.tidiaituJino- 2-ph?uyliiulafc~dik\ xirockloride  iDapii.  Coverslip*  were 
rammed  with  FluorSavc^Reagent  (Calbcochcm.  La  3olla.  CAj.  FI  un  re  scent  images  were 


captured  with  an  Eclipse  E 1  (XX) cpifluaresccnt microscope  i Nikon i.  digitized  with  ACT*! 
software  (v.2.63:  Nikon j  and  merged  images  were  generated  with  Phrtoshop  6.0<Adohei 


RTPCR.  Triple-primer  PCR  (TP-PC  R) 

Total  RNA  was  extracted  from  cells  using  Trixol**1  reagent  (Gibco  BRL.  Grand  Island. 
NY>  according  to  the  manufacturer's  instructions.  Half  a  pg  of  total  cellular  RNA  was 
reverse  transcribed  in  a  final  volume  of  30  pi  using  Moloney  Murine  leukemia  Virus 
(M-MLV)  reverse  transcriptase  and  random  hexamers  as  previmisly  described 
(Emberlcy  et  al..  20(>3>.  One  an  a  half  pi  of  reverse -transcription  mixture  was  amplified 
in  a  final  volume  of  15  pi.  in  the  presence  of  «l  mM  Tris  HCI  (pH  8.5).  15  mM 
|NH4|:SO*.  1.5  mM  MgCl2.  0.2  mM  of  each  dNTPs.  4  ng^il  of  each  primer  (Pairs  or 
three  primers  fee  RT  PCR  and  TP  PCR.  respectively).  1  unit  of  Platinum  Taq  DNA 
polymerase  (Invitrogcn  Carlsbad.  CA)  and  lOnM  a*,2P  dC  TP  Each  PCR  consisted  of  a 
5  minutes  pre- incubation  step  at  94'C  followed  by  30  cycles  of  amplification  (30  see  at 
94°C.  30  seconds  at  60  CC.  and  30  seconds  at  72  'C).  The  sequences  of  primers  used 
arc  detailed  in  Table  1. 

Radio  labeled  PCR  products  were  then  separated  on  poly  acry  lamide  gels  os  previously 
described  iLeygue  et  a]..  1999bj.  Fallowing  electrophoresis,  the  gels  were  dried  and 

TV! 

exposed  30  minutes  to  a  Molecular  Imager  FX  Imaging  screen  (Bio  Rad.  Hercules. 
CAj.  Exposed  screen  was  then  scanned  using  a  Molecular  Imager  FX  (Bio  Rad. 
Hercules.  CA).  which  allows  the  >uhseqia:nt  quantification  of  each  observed  signal. 

Quantification  of  PC  R  signals 

PCR  signals  were  quantified  using  a  Molecular  Imager  FX  (Bio  Rad.  Hercules.  CAj  as 
previously  described  iLevgue  el  al..  1999b).  For  assessing  the  relative  amount  of 
minigere  tran*:ripts  (Figure  4).  the  signal  corresponding  to  the  transcript  of  interest  (FI 
or  |lgl  intron  signal)  was  expressed  for  each  treatment  as  a  percentage  of  lb:  total  signal 
measured  (H+FS+PI+flgl- intrant.  To  obtain  a  value  for  irttron  retention  In  arbitrxv  units 
(Intxon  1  a.u  or  (igl-intnm  a.u.  Figure  4).  the  calculated  percentage  was  divided  by  the 
percentage  observed  with  no  treatment  I  corresponding  to  1  a.u).  For  assessing  the 


expression  uf  intiun  1  SRA  relative  to  fully  spliced  SRA  in  TP  PCR  reactions.  signals 
cnncspindiog  to  lmn»  I  and  fully  spliced  were  similarly  quantified.  TK:  ratio  found  in 
Mock  transfected  cull*  was  used  as  reference  tconrsponding  to  1  a.tu  Figure  5.  M).  For 
figure  6.  four  experiments  wrre  fxrfnrrcsrd  and  fm  each  time  the  average  signal 
calculated  The  average  obtained  in  Mock  transfected  cell*  was  usrd  as  reference 
(corresponding  to  1  au).  Ban.  represent  standard  deviation.  For  each  limr  and 
experiment.  differences  with  the  signal  obtained  in  mock  cell*  were  tested  using  the 
Student  *  Meat  (two  sided,  paired!. 


Western  Blot  anulvxix. 

Total  cell  lysates  were  analysed  and  SRAP  was  detected  using  rahhit  anti  SRAP  743 
(Bcthyl.  Montgomery.  TXj  antibody  in  conjunction  with  a  guul  anti  rabbit  HRP  i  Sigma. 
St  Louis.  MO)  antibody  at  dilutions  of  I/1CKH)  and  1/3000  respectively  as  described 
lOiisiniedavs  Kr/hin  el  ul..  2006.1.  The  level  nf  endogenous  SRAP  was  expressed  as  a 
percentage  of  die  total  signal  corresponding  to  the  sum  of  signals  obtained  fee  SRAP  V5 
and  SRAP  tFig.Oj  THr  value  found  in  mevk  transfected  cells  was  then  used  as  reference 
(taken  at  1  a.u.i 

Real-time  PCR  lllu.7k 

blabla  .Need  pnmn  sequence  ruferrncc  used  <3<iB4.  refeicnces)...establishnient  ol  CT 
valors... 

Otftin/j/ifir/rriii  of  ti&htlv:  Four  experiments  were  perfeemrd  For  each  treatment  and 
e\ pennant,  the 

number  of  cycles  needed  to  obtain  a  signal  for  fully  spliced  and  iniroo  1  altenxitively 
spliced  was  first  corrected  for  the  number  of  cycle  leading  to  the  average  36U4  signal  to 
obtain  a  normalized  cyvle  nunibsrr.  T7ir  average  number  ol  normalized  cycles  for  mtrun*  1 
retained  and  Fully  spliced  RNA  from  the  four  experiment',  performed  with  no  nbgo 
l Mock l  was  than  calculated  to  obtain  Intiun  !  average  mock  and  fully  spliced  average 
nvtck.  For  each  treatment  and  experiment.  the  normalized  cycle  number  of  intion- 1 
retained  and  fully  spliced  SRA  RNA  was  then  subtracted  from  In  iron  l  average  mock 


and  folly  spiked  avenge  mock.  ic  spec  lively.  to  get  llur  number  of  cycle  difference 
bctWTrn  treatmentv  i.\Cl>  and  establish  tbr  standard  deviation*.  A  ACt  of  ♦  1  represents  a 
2l  =  2  (old  increase  in  expression.  whereas  a  AC l  ol  *2  represents  a  2’  -  4  fold  decrease 
in  expression.  Differences  between  Mock  and  oliga  treatments  were  tested  using  the 
Student  *  blest  |lwo  xkfcd). 

Reubtimr  PCR  array  (1^.10). 

bUbla.  say  we  chciktd  by  TP  PCR.  establishment  of  Cl  valors.... 

(hranhficariwi  uf  .vgnul.%:  Four  expenmmU  »cn*  performed.  For  each  treatment,  gene 
and  experiment  the  number  of  cycles  neeiird  to  reach  the  threshold  of  was  first  corrected 
for  the  number  of  cycle  leading  to  the  (Toclin  signal  (ACTS)  to  obtain  tbc  corrected  cycle 
number*,  pur  each  gene,  the  average  number  of  corrected  cycles  from  the  four 
experiment*  performed  with  |lgl-AS  ufas  then  tabulated.  leading  to  the  reference  gene 
PglAS  For  each  tiratmcnt  I  SR  A  AS  and  Pgl  A Si  the  cumrelcd  cycle  number  was  then 
subtracted  from  the  reference  gene  pel  AS  to  get  thr  number  nf  cycle  diliercncc  between 
treatments  iAO.i  and  establish  the  standard  deviaunm.  Differences  between  gene 
expression  upon  SRA-AS  and  for  I*  AS  treatments  were  tested  using  the  Student's  l  test 
Itwo  suled  V  Levels  of  expression  presented  in  Table  2  were  calculated  as  follow'  If  ACl 
was  hiclvr  than  or  equal  to  0.  rxprevsson  correspond*  lit  100  *  2U  '  whereas  wh:n  ACl  is 
lower  liun  0  lie  negative),  expression  corresponds  to  I0(Y2'V*  . 
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TABLES 


Tabic  I:  Sequence  of  primers  u%cd. 


Trim 

icr  Sequence 

1  %cd  in 

A 

GTGCACCTGACTCXTGAGGAGAA 

Fig.4 

Amplification  of  mini  gene 
cuavvpooding  transcripts 

B 

CTCTGGGGGATCCATCCTGGGGTG 

Pig-4 

Amplification  of  mini  gene 
cncrcspooding  tnmsc ripe.v 

C 

CCCCAGT  ATAAGCTAACAGT 

ng5.8 

TP  PGR  and  real  lime  PC  R 

for  Ir*n>n  1  retained  RNA 

D 

GCCAAGCGGAAGTGGAGAT 

Fig.5.8 

TP  PCR  and  real  time  PC  R 
for  Irtron  1  retained  RNA 

E 

G  ACGTCTTCC  AATGCCTGTT 

Pig.5-8 

TP- PCR  and  real  lime  PC  R 
foe  Irtriwv  1  retained  RNA 

Tabic  2:  (lunge  in  gene  expression  at  I:  24h  fallowing  treatment  of  T5  cell*  \%ith 
SRA-AS 


Symbol  Description 


Af'T  %  expression  p  value 


PLAU 

rUitiwoB^n  actlvatoa,  urokintti 

2.87 

729 

0.021 

tSH2 

Estrogen  receptor  2  (BR  beta) 

1.73 

331 

0.029 

5TC2 

Stanntocalan  2 

1.20 

230 

0.009 

xr< 

V*|un  wreura  strufc  17  onusgena  horruteq  (ati*n| 

l.lS 

222 

0.164 

veer 

Vascular  endothelial  growth  factor 

0.98 

197 

0.034 

SbV  IP4A3 

5*rpm  pe(t*j**a  ifhiblor,  cXida  A  ,  rrsmfcer  3 

0.84 

279 

0.187 

1D2 

InNbtor  c4  OKA  bi'rfirq  2 

0.72  165 

0.234 

TM0S1 

Trvombokpondin  1 

0.S8 

149 

0.043 

H»H 

f4cr*w  guA tn  factor  reesptar 

0.55 

246 

0.404 

SLC7AS 

iohta  carrier  (arm*  7  .  member  5 

0.45 

237 

0.433 

DtCl 

Osfeted  in  (tier  cancer  2 

0.43 

234 

0.202 

KlfS 

Krucpe  -Ifca  fetlur  5  i  (nlesbnaJ) 

0.43 

234 

0.369 

CCHA2 

Gy  tin  A2 

0.33 

225 

0.223 

aw? 

Q-aln  7 

0.25 

219 

0.523 

MMCBl 

Msjh  mu&Uf  group  bai  1 

0.23 

117 

0.637 

IL6ST 

intrWukm  6  Mgrul  transducer  <qpl30.  crcostatin  Y\  recaptur] 

0.20 

1X5 

0.620 

ITGB4 

Intsgrn.  beta  4 

0.12  203 

0.642 

TO  1*2  A 

lopjMfmrei  | DfAA)  11  alpha  I70k0a 

0.12 

1C6 

0.819 

tnjasj 

V-«abb2  *r>tfr celeste  Ividma  vad  orcogtne  tomdsg  2 

0.07 

105 

0.898 

VfJCl 

Maun  1,  transmemtaene 

0.05 

1C4 

0.834 

TP53 

Tuner  (retain  p53  (Ufraunin  t>r drama j 

0.05 

1<M 

0.915 

WCI67 

Arbgtn  Kdent/ed  fcv  rrcnccJcirsil  antitadp  Kj-67 

0.05 

104 

0.867 

MPHTl 

M>puxertrina  pfKaptKafcusyltransferasa  1 

0.05 

104 

0.922 

Tffl 

Trefol  feeler  l 

0.03 

102 

0.951 

CAPE* 

AC1B 

GtfteraXJ«*ivde-3<ptospStte  d*hrdrog«n*M 

Actn.  beta 

0.00  2 CO 

200 

1.000 

CCHD1 

Cydn  D2 

0.00  2 CO 

1.000 

TCfA 

Yransfcrmnq  g math  factor.  tpM 

0.00  2 CO 

2000 

MU? 

ftb^wmal  protun  127 

-003  ta 

0.959 

PTtM 

Phcaphatase  and  tsnsin  turning 

•003 

Vi 

0.902 

C1NHB1 

Catmn  icadfwr  r  asvjnated  (attain),  beta  1.  tav.L’a 

•003  M 

0.938 

CUi 

Oustenn  ruten  J) 

-003 

08 

0.868 

R*.i3A 

fcbotomaJ  pfuten  LI 3a 

•003 

08 

0.894 

coknib 

Cytln  Menairt!  kanese  rhibtur  2B<p27.  Kip2| 

•005 

97 

0.830 

bstrtsjen  rwcaptur  l 

•005 

97 

0.878 

HHtl 

rtsr- metastatic  cdts  2.  (attain  (NM23A)  vxprussut  in 

•007  05 

0.850 

K*Tl9 

Keratin  29 

•008  05 

0.725 

ITCA6 

lntujr  n.  apha  6 

-006 

94 

0.869 

SWlNtl 

Serpin  pe^stesa  irhiUtor.  cUda  £  .  imtrbsr  1 

•0.10 

93 

0.857 

BCt2 

Bcul  CLL,0>mptofra  2 

•0.10  03 

0.797 

CTSO 

Cathe(*m  D  <lfsmtmal  atpar1>1  pspbdase) 

•0.24 

91 

0.740 

GA2MU* 

Carm*  jTii»'rCg!>T*:  aod  (GABA)  A  retsptor.  p 

•0.15  90 

0.760 

CCMfel 

Cydn  fcl 

•0.17  69 

0.473 

k*t:8 

Keratin  28 

•0.18  89 

0.660 

C&H 

Gil  sum  (am>fc*dc*is.  hnneh  type) 

-0-20 

87 

0.706 

CISC 

Cathe(*m  B 

-0-22  86 

0.654 

StRPtNBS 

S*rp«n  pe(td**a  rhilstar,  cUdc  B  <o.abumn).  merrtser  3 

•0-23  85 

0.677 

mSpbi 

Meat  shock  27k Da  pretem  2 

•0.25 

84 

0.658 

fGf* 

bpdsrmal  growth  Uctca  retsptor 

•0-26 

84 

0.222 

CAYA3 

GAIA  tsndng  prctain  3 

•0.27 

83 

0.305 

YAS 

^ae  <YHf  recaptur  v-prrlwriy,  immbir  b> 

•OJS 

78 

0.142 

HtYB 

rraiuar  trarmnpticc  factor  Y,  bsta 

•0*3 

74 

0.102 

IGY8P2 

Ins Jin  da  growth  factor  brdrq  proten  2.  3t*l>a 

•0.43 

74 

0.357 

C044  CD44  anl^ir  {!r>3an  btood  qrcup)  -OA? 

h*£l  6£l2  *%%iK*Ami  -th -0  M 

IL4W  iritirWuCin  tr^«p!uf  *0  >0 
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Figure  legend* 


Figure  I: 

Coding  and  non-coding  SRA  transcripts  irw  from  alternative  splicing  of  SRA 
intron- 1  in  human  breast  cancer  eels. 

SRA  l  gene,  located  irn  chromosome  5q31.3.  consists  of  5  exons  (boxes)  and  4  intron* 
(plain  lines).  The  originally  described  SRA  sequence  (AFD92038)  contains  a  core 
sequence  (light  gray),  necessary  and  sufficient  foe  SRA  RNAs  to  act  as  co  activators 
(l.anz  el  aL  1999|.  Three  coding  isoforms  have  now  been  identified  (SRA I,  SRA2. 
SRA3|.  which  mainly  differ  from  AF092038  by  an  extended  5‘  extremity  containing 
AUG  initiating  codons  (vertical  white  bx  in  exon  l ).  The  stop  codon  of  the  resulting 
open  reading  frame  is  depicted  by  a  bla:k  vertical  bar  in  exonS.  Black  stars  in  exon  2  and 
3  correspond  to  a  point  mutation  l position  98  of  th:  core:  U  to  C)  and  a  point  mutation 
followed  by  a  full  codon  (position  271  of  the  core:  G  to  CGAC).  respectively.  Three  non 
coding  SRA  isofarms  containing  a  differentially- spliced  intron  I  have  been 
characterized:  PL  full  intron  1  retention;  PI.  partial  iniron  1  retention:  AD.  alternative  5* 
donor  and  partial  intron  retention.  Thick  straight  line.  60  bp  of  intron  1  retained  in  PI: 
triangulated  lines  represent  splicing  events. 

Figure  2: 

Splice-switching  strategy  used  to  modify  figlobi/ifSRA  mini-gene  transcripts. 
Schemitic  illustration  of  a  portion  of  the  previously  described  figlohin/SRA  fusion  mini 
gene  used  in  this  study  lllubc  ct  al..  20(16).  Ilxons  and  introns  are  represented  by  boxes 
and  plain  lines,  respectively,  figiobin  exons.  SRA  cxon  l  and  SRA  exon -2  arc  in  white, 
dark  gray  and  light  gray,  respectively,  pel -AS  I  white  bar)  and  SRA  AS  idarit  gray  bar) 
2'0- methyl  phosphonxhiixite  oligoribonucletxides  that  target  S’  donor  splice  sites  are 
depicted.  Pgl-AS  and  SRA- AS  are  expected  to  increase  the  proportion  of  mini-gene 
transcripts  with  (kglobin  and  SRA  mtron  1  retention,  respectively.  The  locations  of  the 
upper  (A.  white  arrowhead)  and  lower  <B.  light  gray  anowhrad)  PCR  primers 
subsequently  used  to  amplify  mini- gene  cDNAs  are  also  indicated.  Triangulated  line 


represent*  JV  glob  in  intron  splicing:  dashed  triangulated  line  illustrates  the  differential 
splicing  events  of  SR  A  nitron  1. 


Figure  3s 

I  ptakc  of  fluoropbore  conjugated  SRA-AS-cy3  und  flgl-AS-FAM  by  T5  breast 
cancer  cells.  A)  T5  cells  were  treated  with  increasing  concentration  (0.05.  0.1.  0.5  |iM) 
of  fluorophcre  conjugated  oligonucleotides  SRA  AS Cy3  (red  signal)  or  Pgl  ■  AS  F AM 
(green  signal).  Transfection  efficiency  was  monitored  by  direct  fluorescent  microscopy 
on  formaldehyde  fixed  cells  24  hours  post  treatment  as  described  in  Materials  and 
Methods.  Nixlear  staining  was  perfomed  using  DAPI  l4'.6  diamidino  2  phcnylmdo&c 
dihydrochloride  j. 

B)  T5  cells  were  treated  with  )5pM  SRA  AS-Cy3  (red  signal)  or  pgl  AS  FAM  l green 
signal)  and  fluorescent  microscopy  performed  at  I:  24  h  .  4S  h  and  72  h  as  described  in 
Materials  and  Methods.  White  bars  correspond  to  10pm 

Figure  4: 

Shift  in  splicing  of  SRA  miuigersc  products  with  SRA-AS  and  pgl- AS  oligo*. 

T*5  cells  were  co  transfected  with  SRA  minigenc  and  increasing  concentrations  <0.05 
pM.  0.1  pM  and  0.5  pM)of  modified  anti  sen.se  oligos  (SRA-AS  or  pgl  AS j  as  described 
in  the  Materials  and  Methods  section. 

A)  Total  RNA  was  extracted  at  t:  24h.  reverse  transcribed  and  amplified  by  PCR  using 
primerc  recognizing  Pgl  exisn  l  and  SRA  exon  2.  PCR  products  were  separated  on  PAGE 
gels  and  visuali/ed  as  previously  described  1 1  lube  ct  al..  2006).  PCR  products 
cor  rescinding  to  transenpts  with  full  SRA  intron  1  retention  (FI).  pgl  intron  retention 
tPgl-ll.  partial  SRA  intron  1  retention  l  PI),  fully  spliced  (FSj  or  containing  the  alternative 
doner  site  (AD)  were  identified. 

B)  Signal  corresponding  to  SRA  full  intron- 1  retention  transcript  (Fll  was  quantified  in 
cells  treated  with  SRA  AS  and  expressed  in  arbitrary  unit,  as  descritcd  in  the  Materials 
and  Methods  section.  C)  Signal  corresponding  to  Pgl  intron  retention  transcript  (pgl  I) 
was  quantified  in  cells  treated  with  Pgl -AS  and  expressed  in  arbitrary  unit,  as  described 
in  ibe  Materials  and  Methods  section. 


Figure  5: 

SRA-AS  olij;o»  incrciu*  I  be  rrlulhf  amount  of  endogenous  intron- 1  rdainin£  SRA 
transcripts. 

A)  Principle  of  TP-PCR  amplification  used  to  assess  the  relative  proportion  of  coding  and 
non  coding  SRA  mRNAs.  Three  primers  are  used  during  th:  PCR  reaction:  a  lower 
primer  (primer  lit  recognizing  a  shared  region  in  exon  3  and  two  upper  primers,  specific 
for  exon  1  ipnnwr  Dj  and  intron  1  (primer  C)  sequences,  respectively.  Primer  C  has  been 
chosen  to  recognize  all  intron  1  altermtive  splicing  events  <FI.  PI  and  AD.  see  Fig. 2). 
generating  a  single  PCR  product  of  377  bp  corresponding  to  non  coding  SRAs  I  intron- 1  >. 
whereas  the  D  primer  will  participate  to  the  amplification  of  a  360  bp  fragment 
corresponding  to  fully  spliced  coding  SRA  (FS). 

B)  T5  cells  were  Heated  with  increasing  amounts  (0.05.  0.1.  0.5  pM)  of  SRA  AS  or  Pgl 
AS  oligos.  At  t:24  h.  total  RNA  was  extracted,  reverse- transcribed  and  amplified  by  TP 
PCR  as  described  in  M^crial  and  Methods.  Upper  pond:  Samples  were  separated  on 
PACK  gel  and  visualized  using  a  Molecular  Imager’1  -FX.  Loh'cr  panel :  Signals 
corresponding  to  intn>n- 1  and  FS  wen:  quantified  and  the  proportion  of  intron  1  retention 
expressed  in  arbitrary  unit  (a.u)  as  described  in  Materials  and  Methods. 

Fif  arc  6: 

Lasting  effect  of  O.SpM  SRA-AS  on  the  relative  proportion  of  intron- 1  retaining 
SRA  transcripts  in  T5  cells. 

T5  cells  wen:  treated  with  no  obgos  (Mockh  0.5  p.M  of  SRA-AS  or  0.5  pM  (igl-AS 
oligos.  At  t:  24h.  4J*  and  72h.  total  RNA  was  extracted,  re  verse -transcribed  and 
amplified  by  TP  PCR  as  described  in  Material  and  Methods 

A)  Samples  were  separated  on  PAGE  gel  and  visualized  using  a  Molecular  Imager’^-FX. 

B)  Signals  corresponding  to  intron  1  and  FS  were  quantified  and  the  proportion  of  intron 

1  retention  expressed  in  arbitrary  unit  (a.u)  as  described  in  Materials  and  Mcthcds.  Bars 
represent  the  average  value  of  3  inlcpcndcnt  experiments  normalized  to  values  obtained 
for  mock  transfection  at  a  given  time  paint.  Fnor  hors  represent  standard  deviation.  • 
corresponds  to  p  values  lower  than  0.05  (Studrnt's  t-tcsU. 


Figure  7: 

Quantification  of  intrixi*!  returning  and  full)  spliced  SRA  RX.\%  expression  by  real* 
time  PC  R  following  treatment  of  T5  cells. 

TS  cells  «tR  treated  with  no  oligos  (Mock,  white  square).  0.5  pM  of  SRA-AS  (black 
square)  or  0.5  pM  JVgl  AS  oligos  (gray  squire).  At  t:  24h.  total  RNA  was  extracted, 
reverse  transcribed  and  analysed  by  real  time  PGR  as  described  in  Material  and  Methods. 
Four  experiments  were  performed  and  for  each  treatment.  ACt  has  been  calculated  as 
described  tn  th:  Materials  and  Methods  section.  Dots  represent  the  average  AQ  for  each 
treatment  whereas  bars  correspond  to  standard  deviations.  •  indicate  a  significant 
difference  (Student's  t  test.  two  sided)  in  the  corresponding  SRA  lintrevn  1  alternatively 
spliced  or  fully  spliced  I  expression  between  mock  and  oligos  transfected  cells. 

Figure  8: 

Similar  efTed  of  Fluorescent  SRA-A S-c>*3  and  SRA-AS  oligos. 

T5  cells  were  treked  with  no  oligo  (Mark).  0.5pM  SRA-AS  Cy 3  or  0.5pM  |lgl  AS 
FAMRT  and  the  relative  proportion  of  intron-1  retaining  SRA  Transcripts  assessed  by 
TP  PCR  as  described  in  the  Materials  and  Methods  section. 

A)  Samples  were  separated  on  PAGE  gel  and  visualized  using  a  Molecular  Imager™*  FX. 
Fragments  corresponding  to  alternatively  spiked  SRA  RN’As  lint  run  1 )  and  fully  spliced 
coding  SRA  (FS)  arc  detected. 

B)  Signals  corre^xxndtng  to  intron  1  and  FS  were  quantified  and  the  proportion  of  intion 
1  retention  expessed  in  arbitrary  unit  (a.uj  as  described  in  Materials  and  Methods. 


Figure  9: 

Western  blot  analysis  of  SRAP  in  T5  and  MCF7-SI5I  celb  treated  with  D.5^M 
SRA-AS  user  time. 

T5  and  MCF7-S15I  (engineered  to  stably  express  a  V5<pitopc  tagged  SRAP  (VS- 
SRAP).  were  treated  with  0.5  pM  of  SRA-AS  or  0.5  pM  Pgl-AS  oligos.  At  t:  24h.  4Kh 
and  72h.  total  were  extracted  and  analyzed  by  Western  using  anti  SRAP  antibodies  as 
described  in  Material  and  Methods. 

A)  Top  pane!.  A  single  band  corresponding  to  endogenous  SRAP  is  seen  in  T5  cells 
B\7JU»n  pane!.  A  Commassic  stained  gel  run  in  parallel  is  shown  for  loading  control. 

B>  Top  panel.  Two  bands,  corresponding  to  endogenous  and  VS- tagged  SRAP. 
respectively,  are  detected  in  MCF7-SI51  cells.  Lower  pond.  For  each  lime  and  treatment, 
signals  haw  been  quantified  and  endogenous  SRAP  signal  expressed  in  arbitrary  unit 
fa.ul.  as  desc  ribed  in  Materials. 

Figure  10: 

Change  in  gene  expression  in  T5  at  t:  24h  when  treated  by  SRA-AS. 

T5  cells  were  treated  with  0.5  pM  of  SR  A  AS  or  0.5  pM  Pgl-AS  oligos.  At  t:  24h.  RNA 
was  extracted.  reverse  transcribed,  checked  by  TP  PCR  for  modification  of  intron  1 
retention  and  used  to  assess,  by  real-time  PCR.  the  expression  of  a  series  of  56  genes 
historically  linked  to  breast  cancer,  as  described  in  the  Materials  and  Methods  section. 
Ixiur  independent  experiments  were  perfornx-d.  Blue  dots  represent,  for  each  gene,  the 
normalized  expression  upon  Pgl-AS  oligos  treatment.  Orange  dc<s  represent  the  average 
ACT  increase  cc  decrease  in  gene  expression  upon  SRA  AS  treatment.  Bar>  represent  the 
standard  deviation  fee  each  gene  and  treatment.  Geres  whose  expression  is  significantly 
modified  lpcO.05.  Student  s -t- test,  two  sided)  upon  SRA  A S  treatment  are  indicated  by 
orange  boxes. 
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AppendixS: 

Change  in  alternative  splicing  of  the  steroid  receptor  RNA  activator 
(SRA)  intron-l  modifies  gene  expression  in  T47D5  breast  cancer. 


Charlton  M. Cooper  1.3.  Jimin  Guol.3.  Flcrent  Hubei.  Shilpa  Chooniedas*  Kotharil.3. 
Mohammad  K.  Hamedanil.3.  Yi  Yanl.3.  Anne  Blanchard2.3.  Yvonne  Mval2.  Etienne 
R  Ley  cue  1.3. 

Dcpurtnx'nts  of  Biocbrmistry  and  Medical  Genetic*  1  and  Palboljy2.  University  of 
Manitoba  and  Manitoba  Institute  of  Cell  Biology  (MICB>3  . 


The  Sten>id  receptor  co  activator  iSRA i  has  been  heavily  implicated  in  estrogen  receptor 
I ER  alpha  and  ER-betaj  signaling  pathway  Its  expression  is  altered  during  breast 
tumorigenesis  and  its  mok'cular  role  in  underscoring  these  events  has  been  suggested 
The  SRA  gene  encodes  both  functional  RNA  (SRA)  and  protein  )SRAp>  prodixt*. 
nuking  it  a  unxpx*  member  amongst  the  growing  population  of  steroid  receptor  co 
regulates.  Further  adding  to  the  complexity  of  SRA  gene  products  we  have  recently 
repeated  that  a  significant  number  of  SRA  transcripts  have  an  alternatively  pliced  nitron 
I.  Retention  of  this  ir*ron  forbids  the  coding  of  SRA  protein  pnxluct  but  should  not  alter 
the  function  of  the  RNA  molecule.  Interestingly,  we  have  observed  varied  levels  of 
intron  I  retention  within  different  breast  tumor  cell  lines  as  well  as  those  derived  from 
different  breast  tumors. 

To  investigate  the  role  of  SRA  intron  1  retention  we  used  splice  switching 
oligonucleotides  to  increase  the  level  of  endogenous  SRA  intron  1  retention  in  the  T47D5 
breast  tumor  cell  line.  Following  c.xpcrirwntal  optimization,  we  achieved  a  fifty  percent 
conversion  in  the  proportion  of  mxi  coding  lintron  I  retairedi  to  coding  (intron- 1 
spliced)  SRA  transcripts.  We  have  observed  a  persistent  effect  of  this  treatment  upwards 
of  72h  post  transfection.  Using  real  time  PCR  array  technologies  we  found  that  >pccif>c 
changes  in  the  expression  of  genes  implic:tfcd  in  breast  carxer  progression  and  estrogenic 
signaling  are  associated  with  increasing  intron  I  retention.  Of  parlicuLir  interest  is  the 
observed  increase  in  Upa  (involved  in  invasion)  and  ER  beta  l  involved  in  estrogen 
signaling)  gene  expressions. 
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Figure  I  rrlatitdy  l«n  transfection  efficiency  of  different  4  SKA  structures  in  T5  cells. 
DilVcrcnt  4  SR  A  structures  shown  in  the  above  tableC  were  transtcvted  into  T5  cells  with 
l.ipofcctammc.  The  protein  ly%ates  after  transfection  24  hours  were  run  on  a  15%  SDS  page 
gel  A)  Anti-SRAP  antibody  (743,  polwlonal  rabbit  antibody  from  bethyl  laboratory  I ;  1 000 
dilution}  was  incubated  overnight  at  4fC.  Sccoodary  anti-rabbit  IIRP  were  irxubotcd  for  I  hour 
at  room  temperature.  B)  Anti-V5  antibody  1 1:5000  dilution)  was  also  incubated  overnight  at 
4*C.  Sccoodary  anti-mouse  were  incubated  for  I  hour  room  temperature. 
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Figure  SRAP  mlcrart*  with  ERa,  F.Kp  and  mTIFip  YVI.  bpl  a  In  vitro  by  GST-poll 
down  assay  turn?  [S1']  labelled.  Al  a  recombinant  purified  GST  and  GST-SRAP  were 
incubated  with  |  S‘'|  -labelled  mTIFl|l  YYI,  hp I  n  Following  recovery  with  glutathione 
agrusc,  bound  protein  weir  resolved  on  SDA  Pape  and  detected  by  film.  UiLKn.  I.Rp  nnd 
purified  CiST  nr  GST-SRAP  sample  were  treated  with  ethanol  {control},  cnrodial<  10  *M)  nr 
tamnxifen<IG‘M) 


